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r-..»  i  “port  present.-  ar.  overview  of  the  Vessel  Trafli.  Services  Manaqemer.- 
;  erf  rtned  by  AS  EC .  The  ob-ective  of  tne  report  is  to  present  'he  resul-s 
r  •  study  concisely  for  readers  who  may  not  have  a  technical  Dackground  in  . 

The  na -or  topics  related  tc  -raffle  manaaement,  safety,  capacity,  and  measures 
f  effectiveness,  were  defined,  developed  and  refined  over  the  course  of  the  Traffi 
vana cement  Study.  The  Summary  Report  has  combined  these  development  steps  into  -ne 
integrated  discussion  for  each  topic.  The  Vessel  Traffic  Simulation  Model  has  been 
emphasized  since  it  was  one  of  the  ma-or  accomplishments  of  the  study. 
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1.  INTRODUCTION 


PURPOSE 

rtus  report  summarizes  tne  Vessel  Traffic  Services  Traffic 
Mu r-. element  Study.  The  project  was  part  of  tne  Coast  Guard's  research  and 
lave .  ipment  in  Vessel  Traffic  Services  {VTS)  and  was  aimed  at  developing 
i  metnouo logy  cor  assessing  tne  impact  of  traffic  management  on  port 
surety  and  capacity.  The  metnodology  developed  centered  on  a  vessel 
true  tic  simulation  wnicn  models  vessel  traffic  under  a  broad  range  of 
conditions.  Key  parameters  such  as  port  characteristics,  traffic  manage- 
nent  cecnmques,  environmental  factors,  traffic  level,  traffic  density, 
/esse!  types  and  traffic  routes  within  the  port  can  be  varied  as  neces- 
u  ry  fir  a  simulation.  The  model  provides  measures  of  safety  and  capac¬ 
ity  and  permits  a  comparison  of  these  factors  when  the  basic  parameters 
ire  varied. 

The  role  of  simulation  in  VTS  research  and  development  is  dis¬ 
cussed  with  ampnasis  on  tne  Vessel  Traffic  Simulation  Model  developed 
lur.r-.g  tne  study.  Recommendations  for  the  application  of  the  model  are 
presented. 

No  special  knowledge  of  eitner  Vessel  Traffic  Services  or  simula¬ 
tion  techniques  on  the  part  of  the  reader  is  presupposed.  Both  topics 
are  sufficiently  addressed  in  the  report  to  ma*e  the  objectives  and  meth¬ 
ods  of  tne  study  understandable.  Much  of  the  supporting  documentation 
and  lata  for  tne  material  presented  is  identified  in  the  bibliography. 


BACKGROUND 


A  major  objective  of  Vessel  Traffic  Services  is  to  reduce  the 
.imner  of  accidents  in  a  harbor.  Vessel  Traffic  Services  are  utilized  in 
nany  f  oreign  and  American  ports  to  cope  with  increasing  demands  on 
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restricted  waters  by  larger  merchant  vessels  and  greater  traffic  volumes. 

The  main  impetus  for  VTS  in  the  U.S.  lies  in  the  Ports  and  Water¬ 
ways  Safety  Act  of  1972,  which  authorizes  the  Coast  Guard  to  "...estab¬ 
lish,  operate,  and  maintain  vessel  traffic  services  and  systems  for 
ports,  harbors,  and  other  waters  subject  to  congested  vessel  traf¬ 
fic...".  The  U.S.  Coast  Guard  operates  all  official  VTS  in  the  United 
States. 

In  the  United  States,  VTS  are  presently  operating  in  New  Orleans, 
Houston  -  Galveston,  San  Francisco,  Puget  Sound,  Valdez,  Alaska  and  New 
York.  These  installations  rely  primarily  on  Very  High  Frequency  (VHF) 
ship-to-shore  communications  to  monitor  vessel  traffic.  Vessels  report 
their  positions,  approximate  speeds  and  destinations  at  established  check 
points  and  in  return  are  provided  with  traffic  advisories  by  the  Vessel 
Traffic  Center  (VTC) .  Shore-based  surveillance  radars  or  closed-circuit 
television  are  used  in  certain  ports  to  supplement  the  check-point  infor¬ 
mation  in  congested  or  hazardous  areas.  The  VTC  maintains  situation  dis¬ 
plays,  either  manually  or  with  computer  assistance;  vessel  positions  be¬ 
tween  check-points  are  obtained  from  dead-reckoning  and  by  monitoring 
bridge-to-bridge  communications.  Participation  in  the  VTS  in  the  ports 
of  Valdez  and  Puget  Sound  is  mandatory;  in  the  other  ports,  participation 
is  voluntary.  The  Coast  Guard  has  successfully  encouraged  participation 
in  VTS  in  ports  where  VTS  is  voluntary.  Vessels  required  to  participate 
are  usually  ships  of  300  gross  tons  or  larger  and  vessels  carrying  pass¬ 
age  for  hire.  Pleasure  boats  and  smaller  commercial  vessels  such  as 
fishing  boats  do  not  usually  participate  in  a  VTS.  The  Vessel  Traffic 
Center  is  aware  of  special  conditions  involving  these  types  of  vessels 
(such  as  regattas  or  fishing  activities  in  or  near  shipping  lanes)  and 
advises  vessels  of  these  situations  as  necessary. 

Vessel  Traffic  Services  in  the  U.S.  do  not  attempt  to  manage 
traffic.  Furthermore,  the  extent  to  which  some  form  of  traffic  manage¬ 
ment,  as  might  be  exercised  with  more  sophisticated  VTS  capabilities  than 
presently  exist,  could  prevent  marine  accidents  has  not  been  fully 
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determined.  The  types  of  accidents  that  are > preventable  have  not  been 
completely  identified.  International  experience  witu  VTS  and  qualitative 
analyses  have  indicated  that  appropriate  traffic  management  can  prevent 
some  traffic  accidents  through  the  elimination  of  inherently  hazardous 
circumstances.  The  objective  of  the  VTS  Traffic  Management  Study  was  to 

provide  a  way  to  assess  the  potential  for  traffic  management  to  prevent 

/ 

or  reduce  marine  accidents  in  ports  and  harbors. 


The  VTS  Traffic  Management  Study  consisted  of  five  distinct 
phases.  The  first  phase — definition — consisted  of  estaolishing  the  VTS 
data  base,  defining  hazards  to  navigation  and  traffic  capacity,  and  iden¬ 
tifying  techniques  for  traffic  management.  Measures  to  evaluate  the  ef¬ 
fectiveness  of  traffic  management  techniques  in  terms  of  safety  and  capa¬ 
city  were  developed.  The  second  phase--development — consisted  of  devel¬ 
oping  techniques  to  calculate  hazard  potential  and  traffic  capacity.  The 
Vessel  Traffic  Simulation  Model  was  developed  during  this  phase  together 
with  algorithms  to  calculate  safety  and  capacity.  The  third  pnase- 
— evaluation — consisted  of  identifying  trade-offs  between  safety  and  ca¬ 
pacity.  Methods  for  comparing  cost  and  effectiveness  of  traffic  manage¬ 
ment  alternatives  were  evaluated.  The  fourth  phase — testing — consisted 
of  establishing  that  the  model  reasonably  simulates  actual  vessel  move¬ 
ments. 


The  fifth  phase — further  testing  and  verification  of  the  Vessel 
Traffic  Simulation  Model — consisted  of  investigating  extended  applica¬ 
tions  of  the  model.  Stochastic  variability  in  certain  decision-making 
functions  of  the  model  was  introduced  and  a  model  for  towboat  traffic  on 
the  Mississippi  River  was  devised. 
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1.3  VESSEL  TRAFFIC  SIMULATION  MODEL 

The  raa3or  result  of  the  study  was  a  Vessel  Traffic  Simulation 
Model.  This  computerized  model  simulates  tne  movements  of  vessels  in 
ports  by  maintaining  a  record  of  the  geograpnic  position  of  each  vessel. 


A  vessel's  recorded  position  is  changed  by  the  ship's  own  motion  and  ty 
currents  subject  to  physical  laws.  Vessels  follow  flexible  pre-planned 
routes  and  make  appropriate  maneuvers  to  avoid  collisions  when  encoun¬ 
tering  other  vessels.  Second  order  response  functions  are  used  to  model 
the  dynamics  of  the  vessels  so  that  turns  and  changes  m  speed  are  con¬ 
tinuous  and  realistic.  The  model  may  be  set  up  for  any  port  by  defining 
the  harbor  boundaries  and  a  set  of  reference  track  lines  wmch  estab¬ 
lishes  the  vessel  traffic  route  structure.  Any  number  of  a  large  variety 
of  vessel  types  and  sizes  may  be  simulated.  Vessel  parameters  including 
maneuvering  characteristics  and  routes  are  specified  as  input  to  the  pro¬ 
gram.  Other  inputs  include  environmental  factors  including  water  current 
and  visibility. 

When  a  ship  encounters  another  ship,  or  a  fixed  object,  tne  model 
invokes  conflict  resolution  log} c  that  determines  the  burdened  vessel's 
maneuvers.  The  general  procedures  for  conflict  resolution  are: 

1)  Crossi ng  —  tne  burdened  vessel  will  alter  its  speed  to  give 
free  passage  to  tne  privileged  vessel. 

2)  Meeting  —  the  burdened  vessel  will  alter  its  course  in  sucn  a 
way  as  to  pass  tne  privileged  vessel  at  a  safe  distance.  In 
tnis  case,  a  heading  change  is  made  and  held  until  tne  safe 
distance  is  reacned.  Tne  vessel  tnen  returns  to  tne  original 
heading  out  maintains  tne  new  separation  distance. 

3)  Overt  aking  --  a  vessel  will  attempt  to  overtake  another  vessel 
only  if  there  is  sufficient  room  on  either  tne  port  or  star- 
ooard  sides  so  tnat  tne  overtaxing  will  ae  done  at  a  safe  dis¬ 
tance.  If  overtaxing  is  possio^e,  tne  vcsse.  will  alter  its 
neading  until  tne  safe  distance  is  attained,  and  tnen  return 
to  tne  ongina.  neading  and  icsnplete  tne  overtaking  maneuver. 
If  overtaxing  is  not  possible,  the  vessel  will  reduce  its 
speed  to  matcn  tnat  of  tne  predecessor  and  continue  on  its 
planned  course. 


The  model  generates  vessel  tracx  mstones  for  eacn  vessel  f rom 
res  scarring  pome  anywhere  m  the  pore  eo  res  desemaeion.  Wnen  a., 
vessels  have  completed  cneir  transits,  significant  events  wnicn  occurrei 
during  ene  simulation  are  summarized.  These  events  include: 


1)  Time  of  Arrival  of  Vessel  -  ene  time  at  wnicn  a  vessel  is 
first  included  in  tne  simulation.  This  may  be  at  any  time 
during  tne  exercise. 

<2 )  Time  of  Departure  of  Vessel  -  the  time  tnat  a  vessel  reacr.es 
its  destination  and  is  removed  from  tne  simulation. 

3)  Encounters  -  situations  when  two  or  more  vessels  meet  and  at 
least  one  maneuvers  to  avoid  a  conflict. 

4 )  Very  Close  Encounters  -  encounters  in  wnicn  ene  closest  pc.nt 
of  approacn  between  ene  vessels  is  less  man  a  pre-defmed 
safe  threshold. 

5)  Extreme  Maneuvers  -  events  in  which  a  simulated  vessel  uses 
maximum  rudder  or  maximum  deceleration.  Note  tnat  tnese  max.- 
mums  apply  to  simulated  vessels  and  not  real  world  methods  c: 
maneuver: ng . 

n )  Port  Capacity  -  tne  practical  maximum  rate  of  flow  that  tne 
port  conf iguration  can  safe./  sustain. 

"*  )  ttass  Ac ci dent  Coerficie.nt  -  a  measure  of  port  safety  wn.cn 
relates  traffic  voiume  to  nsx  of  accident. 


t 
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HAZARDS  TO  NAVIGATION  AND  HAZARD  POTENTIAL 


In  crus  part,  of  tne  VTS  Trarfic  Management  Study,  tne  concept  or 
a  nazard  to  navigation  was  defined  and  categorized.  Metnods  to  calculate 
nazard  potential  were  tnen  developed. 


2 • 1  IDENTIFICATION,  DEFINITION  AND  CLASSIFICATION  OF  HAZARDS 

The  definition  of  a  Hazard  to  navigation  is  oasic  to  analyzing 
accidents  and  assessing  tne  causes  of  accidents.  A  definition  of  a  haz¬ 
ard  wmch  can  be  applied  to  measuring  port  safety  was  derived  from  the 
analysis  of  historical  marine  casualty  data.  Tnis  definition  is  not 
meant  to  be  absolute,  but  rather  to  provide  a  frame  of  reference  for  ad- 
iressing  the  main  results  of  the  study.  The  definition  provided  is 
tnerefore  intended  to  be  a  working  definition  of  a  hazard. 

A  hazard  to  navigation  is  anything  that  causes  undesired  evasive 
maneuvers  or  prevents  'required  evasive  maneuvers.  This  definition  intro¬ 
duces  two  concepts  —  space  and  time  —  which  relate  hazards  to  causes  of 
accidents.  Hazards  to  navigation  may  restrict  the  freedom  to  maneuver  or 
tne  time  available  to  execute  maneuvering  decisions.  The  area  about  a 
vessel  for  maneuvering  space  and  reaction  time  which  must  be  clear  of 
other  vessels,  obstructions  and  the  shoreline  is  called  the  effective 
domain  of  a  vessel.  When  the  effective  domain  is  violated,  an  evasive 
maneuver  is  required.  The  effective  domain  will  be  discussed  in  detail 
in  section  3  of  this  report . 

2.1.1  Casualty  Data  Sources,  Causes  and  Contributing  Factors 

Data  from  two  principal  casualty  information  sources  were  analyz¬ 
ed  to  identify  primary  and  contributing  causes  of  accidents. 
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Marine  Viml  Cesuaity  Report* 


T.ne  primary  tourc«  of  casualty  information  used  in  me  iru./i.i 
was  tna  Marina  Vassal  Casualty  Report  a  imvcr  \  lata  base  prepared  ty  tna 
'J.5.  Coast  Cuard  f roa  official  Casualty  Reports  Reference  .  ■  Tne  uvea 

data  snows  tna  primary  causa  of  an  accident  as  wst  so.  .s.neu  oy  off...*, 
i  n  v«  sc  igator  s .  Computer  printouts  wars  obtained  toi  ;ia  yeai  »  .  *  ’ 
complete),  1^71-1S74,  and  1S7S  ,  uwoap.ata  ,  I  ji  tna  Maw  f  ji  »  Maw  wisw. 
San  Francisco  and  Puget  Sound  port  araas.  P;e«e  tee  <ai«  •  •  - 

lactad  on  tna  oasis  of  tna  range  ->t  uatt..  max  act  ai  i  at  .  ..  »  i.-u  ■*  -» 

oar  of  casualtias  tnay  raprasant  .  The  information  >f  pi.  mat,  ...laiot 
extracted  from  tna  MVCR  lata  was  nature  it  tna  asua.t,  pi  .mat,  auaw 
contributing  factors  and  tna  environmenta.  lond.t.ons  at  tna  .sa  (  • 

accident . 


An  analysis  oy  type  of  accident  and  tna  fiajustw/  >t  *- 
types  oy  port  area  was  performed.  A  summary  it  •  .a  r  ...  a.  a. 

ysis  is  snown  in  Table  1-1.  Tna  analysis  .ndicatad  mat  tna  fteguerw-  : 
accidents  and  types  of  accidents  are  related  to  t:e  geograpru..  .  anv.:  in- 
mental  and  traffic  cnaractaristics  of  tna  apacit.c  port.  in  t:.a  Mew 
YorX/New  Jersey  port  ares,  collisions  and  groundings  ware  ague..,  :ra- 
quent  while  rammings  ware  lass  frequent.  San  Francisco  nad  aqua,  numoat » 
of  groundings  and  rammings  out  a  mgner  number  of  coi.mini.  Tna  leap 
water  cnaractaristics  of  Puget  Sound  are  evidenced  oy  tnat  area  navi ng 
the  least  number  of  groundings  of  tna  tnrae  port  areas  examined. 

The  collision  data  for  tne  ports  examined  also  indicate  tnat  tna 
type  of  collision  is  related  to  tne  prevalent  traffic  patterns  of  s 
port.  For  example.  New  YorR/New  Jersey,  wrucn  is  character i*ed  Dy  numer¬ 
ous  intersections  and  restricted  maneuvering  space,  nas  tne  nignest  per¬ 
centage  of  meeting  collisions.  Puget  Sound,  whicn  nas  inbound/out bound 
lanes  of  a  traffic  separat  ion  scftSBSg  is  flc  in  a  kj,  ncj  col  1 1  a  ion  s 
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PRIMARY  CAUSE  dREAADUMN 
NVCR  DATA  11970-1*75) 


PRIMARY  CAUSES 

!  NEW  YORK 

NEW  JERSEY 

_ _ 1 

SAN  FRANCISCO 

.  olationoe  regulations 

!  30 

«%/ 

1  1 

'8.3%/ 

■>'lJT  ERROR 

j  93 

18  7%) 

31 

<23.5%) 

UOGEMENT  ERROR 

!  204 

*41%) 

52 

<39 .4%) 

ADVERSE  WEATHER 

! 

i  M 

'4  8%l 

8 

6.1V 

NuSl  A CURRENTS 

1  9 

•1  8%) 

- - 

0 

SANA EFFECTS 

'  8 

1  2%> 

3 

, _ _ 

NCMARTED  SHOAL 

i  9 

'1  8%/ 

! - 

3 

'2.3%) 

1  2\) 


'  15%) 


32 


6  4V 


37 


'7  4%)  11 


'8.3%/ 


•1  2%/ 


13 


2  6%) 


RESTRICTED  MANEUVERING  ROOM 


FAILURE 


•U'PMENT  ‘  AiLuRE 


ILL'  -  3TMER  VESSEL 


E.ASivE  MANEUVER  RESULTED 
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CALCULATION  OF  HAZARD  POTENTIAL 


Two  separate  methods  of  calculating  hazard  potential  were  devel¬ 
oped  in  che  VTS  Management  Study.  First,  simulation  modeling  was  used 
and  emphasis  was  on  conflicts  between  vessels.  Second,  a  mass  accident 
theory  was  developed  which  concentrated  on  characterizing  tne  statistical 
relationship  between  accident  frequency  and  vessel  traffic  volume  in  a 
port. 


2.2.1  Simulation  Modeling  Methods 

Marine  accidents  in  a  port  are  relatively  rare  compared  to  tne 
number  of  vessel  transits.  Because  of  tne  scarcity  of  data,  hazard  po¬ 
tential  was  evaluated  by  using  reliable  simulation  to  determine  the  types 
of  events  which  could  result  in  an  accident.  The  Vessel  Traffic  Simula¬ 
tion  Model  was  used  to  simulate  vessels  maneuvering  to  avoid  eacn  ottier 
in  potentially  hazardous  situations. 

The  four  means  of  calculating  Hazard  potential  are  described  be¬ 
low. 


Encounters 


An  encounter  is  defined  as  a  meeting  between  two  vessels  in  which 
one  of  tne  vessels  must  maneuver  to  avoid  a  conflict.  Encounters  are 
normal  meeting  situations  between  vessels-  In  terms  of  tne  simulation 
logic,  an  encounter  nas  occurred  whenever  one  vessel  must  cnange  heading 
or  speed  to  avoid  a  second  vessel.  A  vessel  will  remain  m  an  encounter 
status  as  long  as  tne  maneuver  is  continued. 

The  model  determines  the: 

1)  Number  of  encounters  for  eacn  snip 

2)  Duration  of  each  encounter 

3)  Total  number  of  encounters. 


t 

.  t  i. 


1  • 


I 
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Also,  for  each  encounter,  the  nodal  datarminas  tha: 

1)  Type  of  ancountar 

2)  Ships  involvad 

3)  Positions  of  ships 

4)  Rate  of  turn  of  aach  ship 

5)  Acceleration/dacalaration  of  aach  ship. 

Vary  Closa  Encounters 


A  very  close  encounter  is  defined  as  an  encounter  situation  where 
the  distance  between  tha  two  vassals  is  lass  than  a  prescribed  thresh¬ 
old.  In  the  nodal,  the  threshold  is  proportional  to  the  sum  of  tha 
lengths  of  tha  two  vassals.  The  constant  of  proportionality  is  specified 
by  the  user  as  an  input  to  the  program. 

Very  close  encounters  are  situations  where  the  vessels  are  maneu¬ 
vering  in  close  quarters.  In  the  real  world  thesa  would  be  considered 
especially  dangerous  situations.  It  should  be  noted  that  a  very  close 
encounter  does  not  occur  unless  the  vassals  are  already  in  an  encounter. 
If,  for  example,  two  vessels  are  sailing  in  opposite  directions  on  dif¬ 
ferent  reference  track  lines  and  the  nodal  logic  causes  them  to  ignore 
each  other  so  that  neither  maneuvers  to  avoid  the  other,  they  will  not  be 
recorded  as  having  an  encounter.  This  permits  simulating  real  world  sit¬ 
uations  such  as  passing  in  narrow  channels  which  is  often  a  normal  occur¬ 
rence. 


Tha  nodal  determines  the: 

1)  Number  of  very  close  encounters  per  ship 

2)  Total  nisnber  of  very  close  encounters  for  the  simulation  run. 

Also,  for  each  very  close  encounter,  the  model  determines  the: 

1)  Type  of  encounter  when  there  is  a  very  close  encounter 

2)  Ships  involved 
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3)  Positions  of  ships 

4)  Heading  and  speed  of  each  snip 

5)  Distance  between  ships 

6)  Overlap  of  effective  domains 

7)  Time  duration  for  each  very  close  encounter. 


Extreme  Maneuvers 


An  extreme  maneuver  is  a  maneuver  which  causes  a  simulated  vesse. 
to  turn  or  decelerate  at  its  maximum  physical  limit.  The  model  computes 
a  course  or  speed  change  in  two  steps.  For  a  course  change,  a  rudder 
angle  setting  is  derived  from  the  desired  heading,  the  present  neading, 
the  present  rate  of  turn  and  the  ship  dynamics.  The  rudder  angle  is  then 
converted  to  a  rate  of  turn  proportional  to  the  rudder  angle.  A  similar 
process  is  performed  for  speed  changes  with  propeller  shaft  RPM  as  the 
intermediate  step.  Both  the  rudder  angle  and  the  propeller  shaft  RPM 
values  are  bounded  in  the  model;  the  propeller  snaft  RPM  may  be  negative 
to  simulate  reverse  thrust. 


An  extreme  maneuver  occurs  when  either  the  rudder  angle  or  pro¬ 
peller  shaft  RPM  of  a  simulated  vessel  is  set  at  a  maximum  value  and  the 
vessel  is  in  an  encounter  situation.  The  model  will  select  only  values 
sufficiently  large  to  cause  a  vessel  to  avoid  a  conflict;  tnerefore  not 
all  conflicts  will  result  in  extreme  maneuvers. 


2.2.2  Mass  Accident  Distribution  Theory 

An  analysis  of  historical  data  on  traffic  volume,  number  of  cargo 
tons,  and  accidents  for  selected  ports  showed  that  collisions  per  mill-o- 
cargo  tons  was  the  only  statistic  which  remained  relatively  trendless 
over  a  long  period  of  time  during  which  numbers  of  vessels,  collisions, 
cargo  tons,  etc.  grew  significantly.  This  relationship  led  to  the  con¬ 
clusion  that  an  accident  distribution  function  for  which  the  risk  of  an 
accident  was  dependent  on  the  mass  (in  gross  tons,  displacement,  etc.) 
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of  the  vessel  could  be  developed.  A  strong  relationship  appeared  to 
exist  between  vessel  mass  and  the  risk  of  an  accident.  It  was  determined 
tnat  the  draft  of  a  vessel  is  directly  related  to  the  mass  of  a  vessel. 
The  parameter  defining  this  relationship  was  called  the  mass  accident 
coef f icient . 

The  mass  accident  coefficient  was  found  to  vary  significantly 
among  vessel  classes  and  ports  for  those  ports  investigated.  The  mass 
accident  coefficient  is  a  directly  proportional  measure  of  the  risk  of  an 
accident  in  a  specific  port  for  a  given  type  of  vessel.  Further  data 
analysis  will  be  required,  however,  to  establish  the  statistical  validity 
of  this  theory. 

The  mass  accident  coefficient  was  also  found  to  exhibit  growth 
characteristics  over  time.  This  was  shown  for  Tokyo  Bay  for  which  data 
was  analyzed  for  the  years  1958-1968.  In  this  port  the  data  was  suffi¬ 
ciently  large  to  permit  a  yearly  calculation  of  the  mass  accident  coeffi¬ 
cient.  A  function  was  derived  representing  the  growth  of  the  mass  acci¬ 
dent  coefficient  that  potentially  could  predict  the  number  of  accidents 
for  future  traffic  volumes. 

2.3  MEASURES  OF  SAFETY 

The  measures  utilized  to  evaluate  port  safety  included  the: 

1)  Number  of  encounters  and  very  close  encounters 

2)  Duration  of  encounters  and  very  close  encounters 

3)  Number  of  encounters  and  very  close  encounters  by  vessel  draft 

4)  Extreme  maneuvers  by  vessel  draft 

5)  The  mass  accident  coefficient. 

Each  of  these  measures  of  safety,  discussed  below,  is  calculated 
by  the  simulation  model. 
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Number  of  Encoancm  j  and  Vei  /  ;iose  Encounteis 


Althougn  vessel  enc  jum:  er  a  are  nornidi  events  tar  vesse.s  maneu¬ 
vering  in  restricted  waters,  it  is  evident  tnat  trie  ru<  at  a  collision 
between  vessels  increases  as  trie  numoer  at  encounters  increases.  rne 
number  of  encounters  tnat  a  vessel  :uis,  therefore,  is  an  elementary  in¬ 
dicator  of  the  vessel  risk  potential. 

Tne  number  of  very  close  encounters  tor  eacii  vessel  is  a  stronger 
measure  of  risk  potential.  since  each  very  o  i-ose  encounter  is  aiso  an 
encounter,  the  set  of  very  close  encounters  conns  a  sunset  or  tne  set  of 
encounters.  It  was  found  that  tne  r.umoer  of  very  close  encounters,  ex¬ 
pressed  as  a  percentage  of  total  encounters,  varies  consideraniy  witn  tne 
port  situation.  Very  close  encounters  represent  a  significant  proportion 
of  all  encounters  wnen,  because  of  isumlated;  limited  visiDi.ity  or  re¬ 
stricted  maneuvering  space,  encounters  do  not  occur  until  vessels  are 
quite  close.  In  tnese  situations  an  encounter  guicxiy  neeomes  a  very 
c  lose  encounter. 

Duration  of  Encounters  and  Very  Close  Encounters 


Tne  duration  of  an  encounter  or  very  close  encounter  is  tne  time 
interval  from  tne  beginning  of  an  encounter  to  tne  time  wnen  tne  situa¬ 
tion  is  resolved,  eitner  by  evasive  maneuvers,  turn-offs,  or  remova.  of  a 
vessel  from  the  system.  The  duration  is  an  important  measure  of  ns* 
potential  since  it  adds  information  aDout  tne  encounter  situation  wni cn 
is  not  available  from  a  simple  count  of  encounters. 


Encounters  and  Very  Close  Encounters  by  Vessel  Draft 


In  order  to  present  statistics  on  encounters  and  very  close  en¬ 
counters  by  types  or  classes  of  vessels,  it  was  necessary  to  identify  a 
single  parameter  which  could  characterize  vessels.  Vessel  draft  was 
chosen  since  the  mass  accident  listnDution  theory  suggested  a 
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correlation  between  vessel  draft  and  ristc  potantial.  Furtnermore,  tnara 
ara  cnaoratical  (non-linear)  re lationanips  between  draft  and  otner  param¬ 
eters  sucn  as  lengtn,  beam  and  jross  tonnage.  Therefore,  data  concerning 
encounters  and  very  close  encounters  is  presented  in  terns  of  tne  drafts 
of  tne  vessels  involved. 


Extreme  Maneuvers  b/  Draft 

The  number  of  extreme  maneuvers  used  by  vessels  provides  a  measure 
of  nsx  potential  for  a  port  situation.  &ctreme  maneuvers  reflect  situa 
tions  wnere  conflicts  must  be  resolved  guicxly  after  conflict  detection. 
These  situations  mignt  occur  because  tne  time  for  conflict  resolution  is 
reduced  by  simulated  low  visibility  or  by  traffic  congestion  where  ves¬ 
sels  move  from  encounter  to  encounter  in  rapid  succession. 

Mass  Accident  Coefficient 


The  mass  accident  coefficient  is  calculated  for  eacn  simulation 
run.  The  theoretical  derivation  of  tms  parameter  indicates  tnat  it  may 
provide  a  measure  of  tne  relative  safety  of  a  port  under  varying  condi- 
t ions . 
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tencies.  Once  tne  availaoie  effective  domain  area  is  determined,  tne 
maximum  number  of  attainaole  transits,  practical  capacity,  is  computed. 
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3.2.2  Indirect  Capacity  Calculations 

As  tne  number  of  vessels  simultaneously  transiting  a  haroor  in¬ 
creases,  tne  number  of  conflicts  between  vessels  will  probably  increase. 
At  tne  otner  extreme,  if  vessel  density  is  sufficiently  low,  a  snip  can 
proceed  tnrough  the  port  without  having  to  maneuver  to  avoid  other 
snips.  As  density  increases,  congestion  begins  to  occur,  resulting  in 
conflicts.  Port  capacity  is  affected  when  vessels  must  alter  routes, 
arrival/departure  times  or  transit  times.  Therefore  various  indirect 
calculations  of  capacity  can  be  developed  based  on  the  frequency  of  ves¬ 
sel  encounters  and  other  interactions. 

The  simulation  events  which  provide  these  calculations  are: 

1)  Encounters  and  very  close  encounters 

2)  Extreme  maneuvers 

3)  Transit  times 

Encounters  and  Very  Close  Encounters 


Encounters  and  very  close  encounters  reveal  the  effects  of  varia¬ 
tions  in  vessel  density.  They  are  more  indicative  of  capacity  limits. 

For  example,  if  vessels  are  added  to  the  port  and  no  appreciable  increase 
in  frequency  or  duration  of  these  situations  occurs,  then  the  capacity  of 
tne  system  is  not  being  taxed.  If,  however,  variations  in  vessel  inputs 
result  in  disproportionate  changes  in  the  frequency  and  duration  of  these 
situations,  then  demands  on  the  capacity  of  the  port  may  be  excessive  and 
a  reasonable  capacity  level  has  been  exceeded. 

Extreme  Maneuvers 


An  extreme  maneuver  was  defined  as  a  rudder  angle  setting  at  its 
maximum  or  minimum  limit  corresponding  to  a  maximum  rate  of  turn  or  a 
propeller  shaft  RPM  setting  corresponding  to  the  maximum  deceleration  of 
a  vessel.  An  extreme  maneuver  is  recorded  in  the  simulation  only  when  a 
vessel  is  in  a  conflict  situation.  This  prevents  normal  maneuvers  using 
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maximum  rudder  or  screw  RPM  from  bei  ng  c-jjnted  is  a  n  extreme  ,adi;ev;<: 
unless  the  vessel  is  involved  in  a  joaf  .it.  .  An  —npurt  a.  it  r.i.'  . 

in  extreme  maneuvers  is  multiple  vesse.  or.;.jT.  i,  1  :  .  mea^e 

system  loading.  The  first  conflict  requires  >,  *.•*?  : 

changes  by  the  burdened  vessel.  Eaen  adiitiona.  .  nr  . .  it  aa/  :e 
additional  heading  or  speed  alterations.  To  tne  extent  t  va: 

ations  in  vessel  traffic  result  in  larger  /a  nut  ions  .  r.  tne  ::ej.e._y  , 

extreme  maneuvers,  the  safe  capacity  of  tne  port  o  taxed. 

Transit  Time  Caicu-et 1 ons 


The  transit  time  of  a  vessel  is  tne  difference  net  wee:.  t:.e  t  .me 
it  enters  the  simulation  and  tne  time  it  arrives  it  to  lest  ..idtwr.. 
Actual  transit  time  refers  to  the  time  required  f.,r  a  vesoe.  t  -omp.et 
its  passage  when  tne  model  uses  conflict  resolution  maneuvers  and  speed 
changes  whereas  baseline  transit  time  is  paasa-je  time  . tne  a  usance  >t 
conflict  resolution.  The  latter  is  tne  optimum  :,r  tne  £..ar.;;ei  :>.t«  1 
speed  of  the  vessel. 

If  the  differences  between  actual  transit  t  .me  ,  mu  oase. 
transit  times  are  small,  tne  capacity  of  tne  system  '.or  ie...;  .axe  :. 

As  the  difference  between  tne  actual  transit  times  a.i  t  r.e  ua»e.  . 
transit  times  become  larger,  it  may  ae  inferred  tr.at  ramar.io  >r.  t.'.e  sys 
tem  capacity  have  increased.  Larger  differences  indicate  m  .nc reuse  . 
some  combination  of  the  following  situations: 

1)  Greater  frequency  and  duration  of  corif  l.cts  in  tne  system, 
resulting  in  reduced  speeds  and  increased  tiansit  times 

2)  More  multiple  vessel  conflicts.  Additional,  course  mod-:  na¬ 
tions  and/or  speed  decreases  may  oe  required  witn  eacu  addi¬ 
tional  conflict. 
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4.1  IDENTIFY  AND  DEFINE  VTS»  TERAriNd  MODES 

VTS  operating  m>odes  .no/  l>«  jiijj.ve  jr  iccive.  la  Lae  Passive 
Mode,  a  general  set  of  routes  io  ietine.i  i.onj  wita  rules  or  guidelines 
to  Lae  manner  tor  navigating  ms  vessel.  Tne  burden  is  on  Lne  mariner 
lo  sate../  navigate  L.ne  roures  according  to  Lae  ruies  wil.'i  no  idliLiona. 
information  from  a  .'TS  . 

Three  categories  ot  active  operating  moues  for  VTS  include  In¬ 
to  rrming,  Hazard  Dec ec Ling,  and  Routing.  In  Lne  Informing  Mode,  Lae  VTS 
acquires,  organizes  and  disseminates  information  that  might  be  useful  to 
mariners.  Such  information  couii  include  local  weather  conditions,  tide 
and  current  conditions,  presence  of  aazards  to  navigation,  traffic  condi¬ 
tions,  etc.  A  VTS  operating  in  tne  Informing  Mode  might  issue  relevant 
information  at  regular  intervals  over  VHF-FM  radio  and/or  at  the  request 
of  specific  vessels. 

In  tne  Hazard  Detecting  Mode,  tne  VTS  evaluates  traffic  informa¬ 
tion  to  anticipate  potential  conflict  situations.  When  a  potential  con¬ 
flict  is  identified,  tne  VTS  will  contact  tne  involved  vessel(s)  and  is¬ 
sue  a  warning  of  tne  conflict  or  a  directive  for  avoiding  the  conflict. 

A  VTS  operating  in  tne  Hazard  Detecting  Mode  also  provides  the  traffic 
and  navigation  information  tnat  an  Informing  Mode  VTS  disseminates. 

A  VTS  operating  m  tne  Routing  Mode  provides  congestion  free 
routing  for  all  vessels  to  maximize  traffic  flow  wrule  providing  the  ser¬ 
vices  of  an  Informing  and  Hazuri  Detecting  VTS.  To  accompiisn  tnis,  tne 
VTS  must  perform  time!/  ir.a./sn  of  traffic  and  navigation  conditions, 
identify  routes  for  a.i  vesse.s,  and  provide  departure  and  arrival  times 
to  ensure  tnat  tne  select*  1  i  i-ites  will  :>e  ronf  lict-f  ree. 
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The  cnr«*  *ctiv«  operating  modes  require  4  f*cuic/  from  wmcn  to 
provide  vessel  traffic  a«rvic«s.  Tne  iaoanc  and  topiuituic  ion  of  tne 
equipment  and  personnel  required  co  provide  services  (including  surveil¬ 
lance,  commumcat ions,  data  processing  -  automated  or  manual,  display, 
etc.)  increases  witn  the  re sponsi 01 litres  of  tne  VTS  operating  mode. 

4.2  IDENTIFY  AND  DEFINE  TRAFFIC  MANAGEMENT  TECHNIQUES 

Witmn  each  VTS  operating  mode,  traffic  management  tecnniques 
have  been  identified  tnat  may  be  used  to  provide  the  required  vessel 
traffic  services.  These  eight  tecnniques  can  be  ordered  in  a  nierarcny 
according  to  an  increasing  level  of  traffic  management: 

1)  Rules  of  Road 

2)  Traffic  Separation  Schemes 

3)  Navigation  Advisories 

4)  Traffic  Advisories 

5)  Traffic  Warnings 

•  6)  Conflict  Resolution 

7)  Departure/ Arrival  Control 

8)  Route/Speed  Assignments 

Figure  4-1  indicates  those  traffic  management  techniques  that  may 
be  utilized  in  each  of  the  four  VTS  operating  modes.  As  the  VTS  oper¬ 
ating  mode  is  advanced  from  Passive  to  Routing,  an  increasing  number  of 
traffic  management  techniques  may  be  used.  Each  of  the  tecnniques  is 
described  below. 

Traffic  management  by  the  RULES  OF  THE  ROAD  includes  the  use  of 
all  existing  rules  that  apply  to  U.S.  ports  and  harbors  and  inland  water¬ 
ways,  local  rules,  notices  to  mariners,  available  floating  and  fixod  aids 
to  navigation  and  the  channel  network  that  exists  in  specific  ports. 

A  TRAFFIC  SEPARATION  SCHEME  separates  opposing  lanes  of  traffic 
and  may  use  a  separation  zone  which  no  vessel  is  allowed  to  enter  between 


6052 


VTS  OPERATING 
MODES 


TRAFFIC 

MANAGEMENT 

TECHNIQUES 


RULES  OF  THE  ROAD _ 


TRAFFIC  SEPARATION  SCHEMES 


NAVIGATION  ADVISORIES 


TRAFFIC  ADVISORIES 


TRAFFIC  WARNINGS  _ 


CONFLICT  RESOLUTION 


DEPARTURE/ARRIVAL  CONTROL 


ROUTE/SPEED  ASSIGNMENTS 


fl 

m 

D 

a 

n 

n 

D 

n 

D 

n 

n 

a 

fl 

D 

IIA7AKI)  DETECTING 


the  lanes.  A  separation  scneme  nay  also  be  defined  within  a  one-way  lane 
of  traffic  to  separate  vessels  by  size  and  draft.  The  separation  schemes 
can  be  indicated  on  navigation  charts  and  implemented  with  buoys. 

These  two  traffic  management  techniques  can  be  utilized  in  a 
Passive  VTS. 

In  traffic  management  by  NAVIGATION  ADVISORIES  a  VTS  issues  gen¬ 
eral  environmental  and  operational  information  such  as  local  weather  con¬ 
ditions  and  anticipated  changes,  current  and  tide  conditions  and  antici¬ 
pated  changes,  changes  in  position  or  condition  of  aids  to  navigation, 
and  the  existence  of  hazards  to  navigation  (such  as  an  uncharted  shoal  or 
a  reported  vessel  grounding).  This  technique  requires  the  VTS  to  have  a 
central  facility  with  communications  to  acquire  relevant  information  and 
to  broadcast  it  to  mariners.  It  does  not  require  any  surveillance  capa¬ 
bility  but  the  approach  is  improved  if  mariners  contact  the  VTS  immedi¬ 
ately  to  report  changes  in  navigation  conditions. 

The  use  of  TRAFFIC  ADVISORIES  is  closely  related  to  the  previous 
technique.  In  addition  to  providing  navigation  information,  the  Vessel 
Traffic  Center  (VTC)  monitors  all  participating  vessels  and  issues  advi¬ 
sories  on  traffic  conditions  throughout  the  port.  The  monitoring  can  be 
done  with  reports  from  mariners  (e.g.,  a  Vessel  Movement  Reporting  System 
(VMRS ) )  or  with  the  aid  of  surveillance  (e.g..  Low  Light  Level  Tele¬ 
vision  (LLTV)  or  radar)  covering  specific  areas  of  the  port. 

The  four  traffic  management  techniques  described  so  far  can  be 
used  by  a  VTS  operating  in  the  Informing  Mode.  These  traffic  management 
techniques  are  only  advisory;  and  vessels  participate  on  a  voluntary 
basis.  The  VTS  does  not  take  an  active  part  in  altering  traffic  distri¬ 
bution  or  patterns.  A  more  active  role  is  initiated  with  the  next  man¬ 
agement  technique  listed  and  the  level  of  control  exercised  by  the  VTS 
increases  with  each  of  the  following  traffic  management  techniques. 


In  management  by  TRAFFIC  WARNINGS  a  VTC  aorutors  All  part  ici pitt¬ 


ing  vassals  (end  possibly  others)  end  warns  specific  vessels  of  poten¬ 
tial  encounters  during  the  vessel's  transit.  Altnougn  tms  technique 
could  be  implemented  tnrough  a  VMRS,  tne  credibility  of  tne  warnings  wi.i 
be  greatly  increased  if  they  result  from  active  surveillance  and  analysis 
on  the  part  of  the  VTC.  Traffic  warnings  snould  oe  based  on  information 
that  is  more  accurate  than  tnat  available  witn  tne  traffic  advisories 
technique*  If  a  VMRS  is  employed,  therefore,  it  would  oe  mandatory  for 
all  participating  vessels  to  report  tneir  arrival,  speed,  etc.  at  speci¬ 
fied  locations,  and  traffic  conditions  as  tney  see  tnem.  The  7TC  must 
process  this  information  in  a  timely  manner  in  order  to  predict  conflict 
situations  and  issue  the  warnings.  This  requires  some  processing  capa¬ 
bility  (manual,  automated  or  some  combination)  at  tne  VTC.  Aitnougn  ne 
is  not  required  to  act  on  these  warnings,  tne  prudent  mariner  will  rely 
on  this  information  as  long  as  ne  is  assured  tnat  tne  information  is  more 
accurate,  reliable,  and  up-to-date  tnan  ms  on-ooard  information. 

In  CONFLICT  RESOLUTION  tne  VTC  tracks  all  part icipat i ng  vessels 
and  other  vessels  and  issues  mandatory  directives  to  specific  vessels 
only  when  a  potential  conflict  aas  been  identified.  These  directives  may 
involve  a  change  in  the  vessel's  speed,  route,  course  or  may  require  a 
vessel  to  anchor.  With  this  cecnnique,  tne  VTC  is  actively  managing 
traffic  in  conflict  situations. 

The  six  traffic  management  teenniques  described  above  may  be  em¬ 
ployed  by  a  VTS  operating  in  tne  Hazard  Detecting  Mode.  The  additional 
two  management  techniques  described  below  may  be  used  by  a  VTS  operating 
in  the  Routing  Mode. 

With  DEPARTURE/ARRIVAL  CONTROL,  The  VTC  nas  advance  information 
on  vessels  intending  to  enter  or  leave  tne  port  and  schedules  the  arrival 
and  departure  of  these  vessels  to  minimize  potential  encounters  along  tne 
vessel's  entire  route.  In  addition,  tne  VTC  will  track  all  part ic ipati ng 
vessels,  and  possibly  other  vessels,  and  issue  mandatory  directives 
should  a  conflict  situation  occur. 
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The  use  of  ROUTE  AND  SPEED  ASSIGNMENTS  is  the  highest  level  of 
management  provided  by  a  VTS.  The  VTC  tracks  all  vessels  and  controls 
the  movements  of  the  participating  vessels,  whether  or  not  a  conflict 
situation  exists.  It  is  the  responsibility  of  the  VTC  to  schedule  the 
arrival  and  departure  time  of  all  participating  vessels,  assign  a  con¬ 
flict-free  route  through  each  vessel's  transit,  and  assign  speeds  that 
are  to  be  maintained  along  each  leg  of  the  vessel's  route.  While  this 
might  seem  to  be  a  tremendous  amount  of  "external"  control  to  the  mari¬ 
ner,  this  approach  to  traffic  management  could  optimize  port  scheduling, 
capacity,  and  traffic  flow.  Most  mariners  will  gain  speedier  and  safer 
transits. 
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5.  PORT  DESCRIPTION  PROCEDURE 


Since  tne  Vessel  Traffic  Simulation  Model  is  designed  to  simulate 
real  ports,  a  systematic  metnodology  for  collecting  and  organizing  port 
data  is  needed.  This  will  form  the  basis  of  the  simulation  data  base  for 
the  port . 


5.1  PURPOSE  OF  PORT  DESCRIPTION 


The  port  description  procedure  methodically  organizes  the  data 
base  required  for  the  analyses  concerning  vessel  traffic  management. 
Published  materials  were  the  primary  data  sources  used  in  the  study;  spe¬ 
cial  data  collection  activities  such  as  traffic  surveys  were  performed 
only  for  the  detailed  analyses  of  the  port  of  New  Orleans. 

The  Elementary  Harbor  Unit  (EHU)  is  the  basic  unit  in  a  harbor  in 
which  the  shape,  shoreline,  waterway  type,  aids  to  navigation,  traffic 
patterns,  vessel  types,  and  environmental  characteristics  are  as  uniform 
as  possible.  The  EHU  is  used  to  identify  the  salient  characteristic  of  a 
port  and  provides  an  efficient  means  of  breaking  down  the  port  into 
smaller  units.  Most  ports  are  not  homogeneous,  but  vary  in  types  of 
waterways,  vessel  traffic  composition,  port  facilities  and  other  fea¬ 
tures.  Smaller  subsections  of  the  port  (EHUs),  which  are  homogeneous  in 
the  salient  characteristics,  can  be  aggregated  to  portray  the  harbor. 

The  EHU  concept  permits  a  complex  port  to  be  described  in  terms  of  a  set 
of  data  elements  which  are  consistent  within  that  EHU;  the  total  port  is 
then  the  aggregate  of  EHUs  defined  for  that  port. 


5.2  EHU  DEFINITION  DATA  SOURCES 


The  primary  published  data  sources  used  in  this  study  included: 
1)  Nautical  Charts 
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2)  u.S.  Coast  Pilots  (Reference  6) 

3)  Corps  of  Engineers,  Port  Series  (Reference  7j 

4)  Guide  to  Port  Entry  (Reference  8) 

5)  Jane's  Freight  Containers  (Reference  9) 

6)  Tidal  Current  Charts  (Reference  10 ) 

7)  Vessel  Traffic  Data  -  various  ports  (Reference  li-i.6, 

8)  Waterborne  Commerce  of  tne  U.S.  (Reference  i.7  j 

0)  Data  from  the  Marine  Vessel  Casualty  Reporting  MVCk ,  System 
(Reference  1) 

In  addition  to  the  publisned  data  sources  listed  above,  a  mure 
extensive  data  collection  was  performed  for  tne  New  Orleans  port  iescnp- 
tion.  These  data  sources  and  their  applications  are  outlined  in  tne  roi- 
lowing  paragraphs. 


1975  Traffic  Survey 


Coast  Guard  radar  films  of  a  1975  vessel  traffic  survey  performed 
in  New  Orleans  were  obtained  and  used  to  establish  vessel  and  tracxline 
definition. 


Direct  Observation 


Direct  observation  data  collection  was  performed  for  two  days  at 
each  of  two  observation  sites  and  for  three  days  at  one  observation  site 
in  New  Orleans  during  September,  1979.  The  data  obtained  defined  types 
and  sizes  of  vessels,  positions  of  the  vessels  in  the  channel,  direction 
of  travel  and  approximate  speeds. 


New  Orleans  VTS 


Personnel  at  the  VTS  in  New  Orleans,  La.  provided  information  on 
preferred  routes,  reference  track  lines,  river  conditions,  and  maneuver¬ 
ing  practices. 
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Interviews  ware  limited  to  informal  discussions  witn  working  pi¬ 
lots  and  tne  civilian  pilot  attacnod  to  tne  Maw  Orleans  VTS.  Contact 
witn  tne  pilots  was  primarily  during  vessel  rides,  wnen  the  opportunity 
establisn  a  dialogue  witn  tne  pilot  was  best.  During  a  ride,  tne  ob¬ 
server  could  watcn  tne  actions  of  the  pilot  and  discuss  with  mm  tne  rea¬ 
sons  tor  tnese  actions.  jf  particular  importance  was  the  information 
legating  to  tne  pilot's  preferred  route  and  ms  perception  of  the  pre- 
terred  routes  and  prooabie  actions  of  otner  pilots  on  tne  river.  Trus 
type  of  information  was  best  oDtamed  from  tne  pilots  in  tne  immediate 
context  if  tne  decisions  tney  were  mailing  on  tne  bridge. 

The  repre  sent  at  i  ve  tracx  lines  obtained  from  the  radar  traffic 
survey  were  compared  witn  tr.e  track  lines  obtained  from  direct  obsarva- 
. un  and  tne  track  lines  determined  from  interviews  witn  working  pilots 
and  tne  civilian  pilot  attacned  to  tne  Mew  Orleans  VTS.  All  tnree  data 
sources  concurred  jn  general  traffic  patterns.  Differences  within  data 
sources  and  between  lata  sources  were  regarded  as  normal  variations  ir. 
p  i  c.  ot  preferences  and  vessel  maneuvering  cnaractenstics. 

i.  i  PORT  DESCRIPTION  SYNTHESIS 

The  port  lescriptior,  consists  of  preparing  detailed  descriptions 
or  eaon  EH','. 


Trie  major  categories  wmcn  define  tne  EHU  are: 

Port  Facilities  Types  and  .jcatuns  of  tne  port  facilities  es- 
tabnsri  wnat  parts  i t  tne  narbot  would  be  used  by  participating  vessels 
and  wnat  types  of  /«ss«.s  tnese  woinj  be. 

EHU  Structure  EHUs  are  defined  by  snape  and  probable  use. 

inoretine  Characterist .ci  Visibility  in  a  port  may  be  restricted 
by  certain  type  of  snorelines. 
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Waterway  Characteristics  The  depths,  location  of  channels,  and 
sizes  determine  traffic  patterns. 

Aids  to  Navigation  These  establish  traffic  patterns  and  routes; 
also,  restricted  areas  are  defined. 

Traffic  Characteristics  Traffic  is  characterized  as  opposing, 
following,  merging,  crossing  and  maneuvering. 

Vessels  The  types  of  vessels  and  spatial  distrinution  oy  type  or 
class  is  established. 

Cargo  Cargo  type  and  quantity  establish  traffic  routes;  hazard¬ 
ous  cargos  may  require  special  rules. 

Enviro nment  Information  on  tides  and  tidal  currents,  winds  and 
factors  affecting  visibility  such  as  fog,  precipitation,  etc.  establisn 
maneuvering  characteristics. 
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SAFETY,  CAPACITY  ANb  COST  -OHPAiUSONS 


To  develop  comparisons  of  saiety,  capacity  and  cost  and  trie 
trade-offs  among  tnese,  eleven  port  areas  representing  sections  of  trie 
ports  of  New  York,  New  Orleans,  Houston,'  lai veston  and  Puget  Sound  were 
studied.  Several  simulations  were  exercised  for  eacn  of  tnese  port  areas 
witn  several  types  of  traffic  management  tecnnigues.  Cost  estimates  were 
calculated  for  VTS  utilizing  tnese  systems.  Tne  estimated  costs  lo  not 
necessarily  reflect  tne  actual  costs  of  VTS  wmcn  may  presently  exist  m 
tnese  ports. 


o.l  COST  ESTIMATION  OF  VARIOUS  LEVELS  OF  TRAFFIC  MANAGEMENT 

Cost  estimates  for  Vessel  Traffic  Services  vary  witn  tne  ieve,  or 
sopm  st  ication  of  tne  system  installed  and  the  size  of  tne  port.  AiSO, 
for  a  given  level  of  control,  several  traffic  management  approac.nes  are 
possiole  and  tne  system,  nardware  and  operating  personnel  necessary  to 
realize  a  traffic  management  approacn  may  also  be  varied. 

Cost  estimates  (in  1979  dollars)  include  researcn  and  develop¬ 
ment,  acquisition,  and  installation  costs,  annual  operating  expenses,  and 
total  15  year  costa  (discounted  at  10%  per  year  to  1975  present  value) 
for  several  VTS  systems  wruch  are  representative  of  tne  range  of  system 
capabilities. 

The  costs  for  the  system  components  are  incremental.  These  cost 
estimates  were  taken  from  a  U.S.  Coast  Guard  statement  to  tne  Congres¬ 
sional  Subcommittee  on  Coast  Guard  and  Navigation  (Reference  18).  In 
addition  to  these  costs,  the  statement  also  estimated  incremental  costs 
of  $4  .5  million  to  $6.5  million  to  provide  "sophisticated"  automated  ca¬ 
pabilities  . 

The  total  cost  estimates  obtained  are  provided  in  Table  6-1  for 
tnree  levels  of  traffic  control  comprising  the  six  traffic  management 
techniques  used  in  the  simulation  exercises  in  this  study. 
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SAFETY,  CAPACITY  AND  TRAFFIC  MANAGEMENT  COST  RELATIONSHIPS 


The  safety  and  traffic  measures  described  earlier  in  this  report 
were  calculated  for  the  ports  and  the  traffic  management  tecnniques  de¬ 
scribed  above.  Selected  results  of  the  simulation  are  presented  here. 

Table  6-2  snows  tne  number  of  encounters  and  very  close  encoun¬ 
ters  wmch  occurred  in  a  simulation  run.  These  are  given  for  tne  port 
areas  and  the  traffic  management  approacnes  simulated.  In  addition,  tne 
ratio  of  encounters  to  very  close  encounters  is  also  presented.  This 
ratio  identifies  tne  proportion  of  times  that  an  encounter  (a  normal  oc- 
.-urrervcej  results  in  a  very  close  encounter.  The  ratio  can  assume  a  mag¬ 
nitude  between  zero  and  one.  Larger  values  correspond  to  more  nazardous 
situations.  Tne  range  of  values  obtained  correlates  with  the  calculated 
mass  accident  coefficient  values.  In  eight  of  the  eleven  port  areas,  the 
use  of  traffic  management  reduced  the  ratio  of  total  very  close  encoun¬ 
ters  to  total  encounters.  In  nine  areas,  the  introduction  of  traffic 
management  reduced  tne  total  number  of  very  close  encounters. 

Table  6-3  presents  the  average  vessel  transit  time  over  all  ves¬ 
sels  in  a  simulation  exercise.  The  time  in  system  is  the  time  between 
wnen  tne  vessel  enters  the  simulated  port  area  (enters  the  system)  and 
when  it  leaves  the  port  area  (exits  the  system)  and  represents  the  tran¬ 
sit  time  of  the  vessel.  The  average  times  are  given  for  transits  without 
and  with  traffic  management.  The  first  represents  the  time  required  for 
tne  vessel  tj  transit  under  optimal  conditions;  that  is,  along  its 
planned  route  at  planned  speeds.  The  second  time  shows  the  increase  in 
transit  time  due  to  external  influences.  The  increase  of  time  in  system 
is  shown;  tnese  increases  are  regarded  as  insignificant  when  they  are 
expressed  as  percentage  increases  as  shown  in  Table  6-4.  This  table  re¬ 
lates  the  percentage  increase  in  time  in  system  (average  transit  time) 
for  tne  various  levels  of  traffic  management  approaches. 

The  results  of  the  capacity/traffic  management  trade-off  suggest 
tnat  traffic  management  approaches  have  little  impact  on  the  capacity  of 
tne  ports  at  the  traffic  levels  simulated.  An  effort  was  made  to  make 
the  simulation  scenarios  representative  of  actual  port  conditions.  The 
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SAFETY  MEASURE  -  RATIO  OF  VERY  CLOSE  ENCOUNTERS  TO  TOTAL  ENCOUNTERS 


>/J  U  Mm 


onc^-iaion  is  cnsc  :<pscicy  doss  not  prasantl/  ityiKMnc  an  cap' 
jnsi  iar  st  ion  m  ttisctiiH  a  traffic  i4ns>j«a*nc.  approacn. 
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7.  VESSEL  TRAFFIC  SIMULATION  MODEL 


7.1  MODEL  SYSTEM  OVERVIEW 


The  Vassal  Traffic  Simulation  Model  is  composed  of  tour  separate 
computer  programs  linked  togetner  by  data  files.  A  summary  of  eacn  pro¬ 
gram  is  provided  in  the  following  paragrapns. 


Input  Preparation  Program 

The  Input  Preparation  Program  reads,  processes,  and  prepares  tne 
input  data  for  use  by  tne  snip  Traffic  Model.  The  input  data  consists  ot 
tne  following: 

1)  Harbor  system  layout 

2)  Reference  track  line  system 

3)  Initial  conditions,  (speed,  location,  etc.*  of  eacn  vtiu, 

4)  Maneuvering  parameters  of  eacn  vessel 

5)  Route  information  of  eacn  vessel 

6)  Simulation  time  limits 

Following  tne  organization  and  manipulation  of  tne  data,  it  is 
written  to  an  output  file  tnat  is  tne  primary  input  to  tne  snip  Traffic 
Model  Program. 


Snip  Traffic  Model  Program 

The  Ship  Traffic  Model  Program  is  a  computerized  node,  of  a 
port.  Simulated  ships  maneuver  through  the  port  along  a  series  of  refer¬ 
ence  track  lines  at  specified  offset  distances  from  those  reference  track 
lines  and  at  speeds  which  may  vary  for  each  track  line  m  tne  snip's 
route.  As  the  ship  proceeds  along  its  intended  route,  in  a  series  of 
time  steps,  it  will  vary  its  speed  and  direction  as  it  normally  wou,-* 
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wne  n  c  t  ans  it  i  rivj  a  port.  K  snip  may  move  at  a  slow  speed  in  a  narrow 
waterway  or  wnen  approacning  its  be  rt  n  or  ancnoraga,  and  at  faster  speeds 
m  .dis  rest  noted  waters.  Tne  snip  nay  deviate  from  its  planned  route, 
out  must  always  remain  witmn  tne  fairway  boundaries  which  are  estao- 
■  uneJ  for  eacn  particular  class  of  vessel. 


When  a  ship  encounters  another  ship,  or  a  fixed  object,  tne  model 
dn.  maneuver  the  ship  oy  altering  its  speed  and/or  course,  so  as  to 
i  void  tne  otner  snip  or  obstacle.  The  model  uses  a  set  of  conflict  reso- 
.ut.on  rules  to  estaolisn  tne  Burdened  and  privileged  vessels  and  deter- 
a.ritf  tne  necessary  maneuvers.  The  conflict  resolution  rules  are  derived 
:  r  >m  tne  International,  Inland  or  Western  Rivers  Rules  of  tne  Road,  or 
speuia,.  requirements,  depending  on  tne  area  Deing  simulated.  The  con- 
riict  resolution  rules  are  described  in  tne  model  by  a  local  rules  ma¬ 
trix.  In  each  encounter  situation,  the  definitions  of  safe  distance,  as 
well,  as  minimum  speed,  are  functions  of  tne  vessels  involved.  For  exam¬ 
ple,  safe  passing  distance  is  proportional  to  tne  lengtns  of  tne  vessels 
involved  and  two  small  snips  can  pass  at  a  closer  distance  tnan  two  large 
snips . 


During  a  simulation,  tne  model  continuously  searcnes  for  con¬ 
flicts  oetween  vessels  Dy  examining  tne  movements  of  otner  vessels  aoout 
eacn  vessel.  When  a  vessel  is  not  in  conflict  it  continues  normally 
along  its  preplanned  route.  When  conflicts  are  detected,  tney  are  re¬ 
solved  througn  course  and/or  speed  alterations.  The  searcn  for  conflicts 
is  not  unbounded,  however.  Each  vessel  nas  associated  with  it  an  area  of 
observation.  The  model  only  looks  for  conflicts  within  tms  area.  It  is 
possible  for  two  vessels  to  o«  in  conflict  and  tne  model  will  not  note 
this  if  tne  size  of  tne  area  of  ooservation  nas  Men  made  small.  Axso, 
m  order  to  simulate  situations  wnere  vessels  sail  close  to  one  another 
out  are  not  in  conflict,  sucn  as  in  a  narrow  cnannel,  vessels  can  be 
;aused  by  tne  model  logic  to  ignore  one  another  wnen  tney  are  on  differ¬ 
ent  tracx  Lines. 

The  response  of  a  vessel  to  a  change  in  either  course  or  speed  is 
not  i nst ant aneou s .  The  snip  maneuvering  .ogic  includes  second  order 
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response  fiincuoas  to  3i.aul.3t*  tn«  time  delay  wruon  uccarn  wn*n  s  ;nenge 
in  speed  or  a  n*w  rudder  angle  is  ordered  and  wnen  tn*  snip  attains  tne 
lesired  speed  or  treading. 

The  physical  cnaract er  1  st ics  w men  affect  vessel  maneuvering  are 
also  simulated.  Haroor  and  fairway  boundaries,  snoais,  and  fixed  object  j 
are  defined  Dy  specifying  tne  reference  tracx  line  system.  In  trie 
snips  sai  1  parallel  to  reference  tracx  line  segments  at  specified  offset 
distances.  A  vessel  will  stay  at  tne  offset  itstarvee  unless  an  encounter 
occurs.  depending  on  tne  situation,  tn*  vessex  wiix  tnen  irvjrease  t.-.xs 
distance  to  avoid  a  conflict.  Maximum  offset  distances  are  specified  r  r 
eacn  reference  tracx  line  segment  and  eacn  vast  ex.  This  effect  x/e-y  le- 
f  ines  tne  navigable  waterway  for  eacn  snip.  iSater  current  directxon  ana 
speed  may  also  be  specified  for  eacn  reference  tracx  line  segment.  Vary¬ 
ing  currents  tnrougnout  tne  narDor  can  t>e  defined.  Tne  effects  jf  cur¬ 
rent  are  part  of  tne  snip  maneuvering  equations.  Reduced  visibix»ty,  lie 
to  resource  obstructions,  is  simulated  by  adjusting  tne  area  if  josei  - 
vation  for  a  snip  jr  by  a  decision  logic  matrix  part  of  tne  mode  x  ,  xruc.. 
permits  siups  on  one  tracx  line  to  ignore  tnose  on  anocriar. 

At  eacn  simulation  time  step,  data  is  written  to  an  output  fixe. 
Tne  simulation  time  and  the  number  of  vesseis  in  tne  system  is  written  to 
tne  file  followed  by  data  for  eacn  vessel: 

x  i  Vessel  identification 

2)  Position 

3)  Present  reference  tracx  line 

4i  Heading,  desired  Heading,  reference  neadi  ng ,  and  rate  of  turn 

5)  Speed,  desired  speed,  and  acceleration  or  deceleration 

6)  Offset  distance,  desired  offset  distance,  and  boundary  distance 

7)  Encounter  indicators 

SI  Dttreme  maneuver  indicators 

The  raw  fata  from  tne  Snip  Traffic  Model  Program  output  file  is 
prepared  for  analysis  in  an  organized  and  systematic  manner.  The  lata  is 
prepared  in  five  parts  by  two  computer  programs  discussed  in  tn*  follow- 
i ng  paragraphs. 
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Output  Analysis 

The  JUtput  Andi/^is  Pi  jjrun  >r  .jam  re  s  a;»d  piesents  t.'.ree  i«ct  .uns 
lata.  rnese  die  tne  event  rust  or/,  event  iuasnary  ml  i4ii  ic.ilent 
ettuiani  nui/iii.  The  event  mstoiy  lecorls  i . .  events  e.’i.c:. 

Ul.  n-j  t  iuiuiiti  in  tin.  m«se  event  a  die. 

.  sl.ip  mtai.ikj  tne  dp  stem 
jn.p  lepart.04  trie  s/stem 

)  Eiv:  mnt  er  s 

4  Very  '  .use  ant  lunt  el's 
Sxtieme  maneuvers 

Van  jus  letai  .s  die  pi. rite  1  in  tne  event  '..at  .ry  In  eacn  event. 
*ne  laid  associated  eit.i  in  event  lie  spec.:....-  to  tne  pir  ..i.di  event 
i:i.l  peia  it  i  letiuel  evaluation  it  tne  :  1 1  j  ,*nt. anc es  sur  i  ourwl  .nu  .t  . 
me  event,  summary  pijviies  ;  umu.  at  .  ve  iat  i  t.ne  events  ilent.r.ed 
loove.  In  part.juj.ar,  tne  iurat.on  >f  eujn  encounter  and  tne  s.n.ps 
.  o.ved  are  to-jetner  wit.n  t.ne  uti.  numuer  of  encounters.  m.e  same 

.  s  lone  for  very  ;  rose  encounters.  Trie  numoer  or  extreme  naneuveis  ana 
'accidents’*  tor  eacn  snip  is  aiso  ta..i,eil.  Finaii/,  t.ne  mass  acciient 
.'oeffijient  .s  calculated  for  eacn  simulation  run.  It  is  utilised  is  i 
measure  of  traffic  management  er  f  ect  i  veness  inj  port,  safety. 

lapulated  data,  Print  Plot  Program 


mis  program  organizes  and  presents  two  sections  of  lata.  Tnese 
ire  tne  tracx  m  story  and  trac*  History  plot.  me  track  History  is  tne 
r undamanta x  form  of  output  of  tne  mode..  It  is  a  list  of  tne  positions 
it  dii  snips  iuri  my  tne  simulation  run  to^etner  with  information  suon  as 
snip  ..lent  if  luat  ion,  Heading,  rate  of  turn,  speed  and  acceleration  ie- 
-eleration.  This  information  is  recorded  for  every  time  step  in  tne  sim- 

i  . at  ion . 


Tne  tracx  history  plot  is  a  jrapnic  representation  of  tne  snips' 
tra.-x  Histories.  The  line  printer  prints,  in  .jrapnic  form,  tne  position 
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of  aacn  snip  at  each  step  of  the  simulation  run.  In  addition  to  tne  snip 
positions,  tne  naroor  boundaries  and  tne  reference  tracx  line  system  may 
a. so  oe  lisplayed.  This  plot  provides  a  visual  aid  to  analyzing  tne  re¬ 
sults  of  a  simulation  run. 


’ . -  MODEL  ENHANCEMENTS 

•'•’ie  jO]  actives  of  tne  model  enhancements  were  to  iefine,  imp.  e- 
nent,  and  cnecxout  modi f icat ions  to  tne  Vessel  Traffic  Simulat.on  Model 
prjgiams-  Mod if icat ions  were  necessary  for  a  more  accurate  simulation  jf 
■lie  tiarfic  and  for  associated  problems  specific  to  certain  ports,  par- 
ticu*arly  tne  Port  of  New  Orleans.  Tne  modifications  to  tne  model  are 
tne  f  ox  lowing : 

li  Towboat  witn  tew  maneuvering  parameters 
1 i  Conflict  detection  and  resolution 
i;  rracK-neeping 
■it  Stocnastic  variability 

All  of  tne  software  modifications  are  consistent  with  tne  orig¬ 
inal  simulation  model  software  development.  The  generality  of  tne  orig¬ 
inal  program  has  been  maintained  and  all  modifications  are  either  input 
changes  or  options  tnat  need  not  be  invoked. 

Towboat  witn  Tow  Maneuvering  Parameters 

Towboats  with  tows  represent  a  large  percentage  of  tne  traffic  in 
certain  port  areas  and  are  significant  factors  in  navigation  because  of 
tneir  maneuvering  cnaractenst  ics  as  well  as  total  numbers.  Data  on  the 
maneuvering  cnaracter i st ics  of  these  vessels  was  virtually  nonexistent 
and  estimates  of  the  salient  parameters  were  required  in  order  to  model 
tnese  vessels. 

The  values  of  the  parameters  for  towboats  with  tows  were  initial¬ 
ly  estimated  on  tne  basis  of  parameters  for  similar  vessels  of 
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types  and  cn«ot/  it  n«vi.  architect  are  References  10  arid 


T'ie  mode.  was  '..mn  exercised  wit:*  mese  «st  uiitas.  me  simuwated  tr  ecu 
.it.  it.es  were  jn^area  w.m  jm  41  ved  t  1  <1  ;  *.  .1. stories  an  1  t  .ne  t,re- 

Jui  parameter  estimates  were  :  e  -e  va  .  ..at  ed  a  ;a.. orated.  By  mis 
.  t  e  t  at  .  .’e  pi  tie  /a.  oe  s  1:.  1  .1  ve  a  :  <:  t  :ie  1  eg. »  r  e 1  .  ;.pjt  par  am  - 

* '  et  ms*  i t  ,  were  letenn.nel. 


.ant  ...:t  .let  el t  i  tu  1 -1.1  Kttnj  .  ut  i  ,  n 


rne  pi  i. nary  uigective  Jt  1:11a  at  t  art  was  tne  Hole .  .  rig  it  .- 
-elates  used  to  leteot  1:1a  reso.ve  as  lijtatuJ  oy  ij«;a.  seaman¬ 

ship  practices,  :  jst>i\a,  and  rui.es  speoilic  1  1  me  r*  irt  Jt  Sew  jr. earis. 
ri.jts,  cased  an  experience  anj  r  am  1 ...  a  r  it.  /  wit:,  me  p.n/sica.  environment 
at  t:.e  port  and  utner  pilots’  practices,  w...  ni,t  ne.essa  r  i  a/  mane.ve: 
a Jilance  wit:',  t.ne  ka.es  or  tne  HaaJ. 

Mo  lit icat 10ns  to  two  sections  of  tne  model  inputs  were  reja.rel 
to  simu.ate  .ocai  seamansnip  practices.  First,  tne  reference  trat'K  ..-.e 
system  w.nicn  lefines  a  vessel's  route  and  relative  position  in  me  man¬ 
na  1.  was  leveloped  to  reflect  local  navigation  practices  for  :unf ..ct  ie- 
tection  and  resolution.  rwo  sets  of  reference  track  lines  extending  me 
tall  lengtn  of  tne  simulated  area  were  developed,  one  set  for  upoound 
vessels  and  one  set  for  downbound  vessels.  In  tne  Mississippi  River,  me 
leap  draft  channel  meanders  within  the  overall  navi^aole  channel  and  ves¬ 
sels,  particularly  towboats  with  tows,  navigate  from  one  side  of  tne 
cnannel  to  the  otner  in  point  and  bend  navigation  maneuvers.  It  was  nec¬ 
essary  to  represent  tnese  practices. 

The  second  section  of  model  that  was  altered  to  reflect  .oca. 
navigation  practices  is  the  local  rules  matrix.  The  local  rules  matrix 
specifies,  for  each  pair  of  reference  track  lines,  now  a  vessel  on  tne 
first  reference  track  line  is  to  respond  to  a  vessel  on  the  second  in  tne 
event  of  a  conflict.  Under  the  usual  Rules  of  tne  Road,  two  vessels  ap- 
proacnirug  a  reference  track  line  crossing  from  opposite  directions  wou.d 
oe  privileged  or  burdened  dependent  upon  their  relative  positions  and 
neadings.  On  tne  Mississippi  River,  the  water  current  sometimes 
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limits  trie  maneuvering  capability  of  downbound  vessels.  As  a  resa.t, 
iownbound  vessels  are  .generally  regarded  as  trie  privileged  vessels  at 
crossings  regardless  of  tne  relative  positions  and  neadu.  nqs  of  tne  con¬ 
flict  vessels.  The  local  rules  matrix  developed  for  tne  New  juenns  area 
reflects  tnese  considerations  and  nas  been  implemented  in  tne  raooe... 


The  model  originally  operated  under  tne  condition  tnat  if  a  ves¬ 
sel  ieviates  from  its  planned  tracx  or  speed  on  a  reference  tracx  ane, 
men  it  will  not  return  to  tne  planned  tracx  or  speed  until  a  new  refer¬ 
ence  tracx  line  is  reacned.  Normally,  tnis  assumption  is  a  reasonable 
me  since,  to  tne  model,  tne  new  tracx  is  a  safe  one  in  situations  suer, 
as  ..n  open  waters,  wnere  mere  is  plenty  of  maneuvering  room.  In  a  cnan- 
nei  suen  as  tne  Mississippi  River,  nowever,  a  return  to  trie  y.anneJ  tracx 
nay  roe  desired.  This  type  of  vessel  oenavior  can  roe  expected  if  trie  ves¬ 
sels  are  trying  to  avoid  Danx  effects,  to  sail  on  ranges,  or  to  acnieve 
proper  positioning  for  cnannei  related  maneuvers.  It  is  aiso  assumed 
tnat  a  pi»ot  wnl  attempt  to  return  to  and  maintain  a  vessel's  most  ef- 
f  ic lent  speed . 

Trie  t  raox-xeepinq  iOqic  was  modified  so  tnat  following  confiict 
resolution  a  vessel  will  return  to  its  planned  tracx  and/or  speed  umess 
anotner  conflict  situation  involving  tnat  vessel  is  in  progress.  In  ad- 
iition,  if  a  subject  vessel  is  in  conflict  witn  two  vessels,  one  requir¬ 
ing  tne  subject  vessel  to  modify  its  speed  and  tne  otner  requinnq  tracx 
ieviation,  tne  subject  vessel  will  return  to  its  pianned  tracx  or  speed 
if  ootr,  conflicts  are  resolved. 

Random  Variability 

Random  variability  nas  Deen  introduced  into  tnree  decision  maxinq 
-nodules  -it  tne  mode  1 .  The  purpose  is  t  j  simulate  minor  errors  in  vessel 
position  and  variances  in  piloting  oenavior.  Random  variability  nas  been 
..ntrxljced  to  tne  following  modules : 
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1)  The  vessel  data  module  of  trie  Input  Preparation  Pro¬ 
gram  in  order  to  random!/  vary  vessel  entry  time 
into  tne  system. 

li  Tne  route  following  module  of  tne  Snip  Traffic  Mode* 
Program  in  order  to  rnuoml/  vary  vessel  lecision 
tine  to  initiating  a  planned  course  c.iange. 

i)  Tne  conflict  resolution  module  of  tne  Ship  Traffic 
Model  Program  in  order  to  randomly  vary  vessel  le- 
cis.cn  time  to  initiating  a  conflict  avoidance  ma¬ 
neuver 


'.i  MODEL  TESTING  AND  VERIFICATION 

A  computer  model  wruch  is  intended  to  simulate  real  world  events 
reguires  testing,  verification  and  validation.  Testing  is  tne  process  of 
checking  all  inputs,  algorithms  and  outputs  of  tne  computer  programs, 
individually  and  as  a  whole,  to  assure  that  the  programs  worn  according 
to  spe : if icac ion.  The  testing  of  tne  Vessel  Traffic  Simulation  Model  waa 
ac comp. is. ned  luring  and  after  tne  development  of  tne  programs. 

The  verification  of  the  model  is  tne  process  assessing  tne  ac¬ 
curacy  of  tne  generated  output  of  the  programs  with  respect  to  tne  events 
simulated.  For  tne  Vessel  Traffic  Simulation  Model,  verification  consis¬ 
ted  of  lemonstrating  the  simulated  track  histones  would  match  real  ob¬ 
served  track  histones,  within  acceptable  tolerances,  wnen  tne  simulated 
;  md 1 1  ions  manned  tne  real  world  conditions. 

The  final  step,  validation,  wmcn  was  De/ond  tne  scope  of  Vessel 
Traffic  Management  Study,  consists  of  determining  tnat  tne  assumptions 
mide  in  tne  iesi gn  of  the  model  apply  to  tne  proDlems  to  De  studied, 
o.mce  tne  Vessel  Traffic  Simulation  Model  was  designed  to  evaluate  traf¬ 
fic  management  techniques,  tne  validity  of  tne  model  can  only  be  estab- 
.  isned  wne-i  _.-.if  f  ic  lent  data  from  an  operating  VTS  is  available  and  com¬ 
parisons  :an  he  made  between  predictions  of  traffic  situations  generated 
rjy  tne  mode,  and  rear  worl.i  experience. 
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Ttie  venf  lcation  or  tne  Snip  Traffic  ftodel  output  was  performed 
0,  ASEC's  subcontractor,  TNO  in  tne  Netnerlands.  Ttie  Dutcn  are  con¬ 
tacting  a  program  to  upgrade  Vessel  Traffic  Services  in  tne  Port  of 
Rotterdam  and  nave  collected  a  set  of  data  using  tne  traffic  surveil¬ 
lance  radars  presently  operating  in  Rotterdam.  Since  tms  data  was  on- 
tamed  expressly  for  tne  purpose  of  identifying  vessel  tracxs,  tne  TNO 
organization  was  aole  to  apply  it  to  tne  model  verification. 

The  data  collection  process  consisted  of  photographing  tne  radar 
PPI  displays  at  sixty  second  intervals.  This  process  was  performed  for  a 
period  of  six  days  witn  about  one  to  two  hours  of  observations  eacn  day. 
The  times  of  observation  were  varied  eacn  day  to  obtain  traffic  samples 
from  periods  of  moderate  to  heavy  traffic.  In  addition  to  the  radar 
data,  observations  were  made  to  determine  the  types  of  vessels. 

The  model  was  run  using  input  data  prepared  from  the  radar  obser¬ 
vation  analysis  with  a  simulation  output  time  interval  equal  to  the  radar 
observation  interval.  The  distance  between  the  actual  and  the  simulated 
vessel  position  was  calculated  for  each  vessel  and  position  in  time.  The 
average  distance  difference  was  calculated  for  each  vessel  over  its  en¬ 
tire  route  and  normalized  to  the  total  length  of  the  vessel's  route.  A 
mean  distance  deviation  of  2-5%  was  obtained  from  the  resulting  normal¬ 
ized  values  with  most  vessel  deviations  clustered  about  the  mean.  The 
larger  deviations  were  primarily  attributed  to  small  patrol  craft  which 
exhibit  erratic  motions  and  to  large  vessels  which  sometimes  stop  and 
then  back  into  docking  areas. 

In  the  absence  of  measurement  data  in  a  U.S.  port,  it  was  decided 
to  exercise  the  simulation  using  an  extended  port  area  representing  the 
Upper  and  Lower  Bays  of  New  York  Harbor.  This  extended  area  also  includ¬ 
ed  parts  of  Kill  Van  Kull  and  the  East  River. 

The  simulated  vessel  traffic  was  divided  into  three  groups.  The 
first  group,  consisting  of  ten  (10)  vessels,  was  used  to  prepare  detailed 
track  line  plots.  The  purpose  was  to  demonstrate  the  capability  of  the 
model  to  simulate  the  maneuvering  of  vessels  following  planned  routes  at 
planned  speeds.  The  second  and  third  groups  of  data  utilized  higher 


7-9 


traffic  ien3iu.es,  35  vessels  and  67  vessels  respectively.  The  results 
-t  mese  two  tests  demonstrate  the  statistical  capabilities  of  the  traf- 


r -j  simulation  model  for  analyzing  traffic  flow  and  traffic  management 
:  miens  at  higher  levels  of  traffic  density. 

'•■1  SIMULATION  OF  ALTERNATIVE  TRAFFIC  MANAGEMENT  TECHNIQUES 

The  model  was  exercised  for  two  problems  simulating  alternative 
traffic  management  techniques  -  an  alternating  one-way  traffic  scheme  and 
in  area  avoidance  traffic  management  scneme.  A  baseline  run  with  no 
traffic  management  was  required  for  comparison  purposes. 

The  simulation  area  was  the  section  of  the  Mississippi  River  in 
me  area  of  New  Orleans  between  Mile  85  and  Mile  101  above  Head  of  Passes 
( AHP ) .  Head  of  Passes  is  the  beginning  of  the  Mississippi  River  system 
m  me  Gulf  of  Mexico.  This  area  includes  three  upbound/downbound  refer¬ 
ence  track,  line  crossings;  and  Algiers  Bend  region  where  precise  maneu¬ 
vering  is  required,  was  included.  The  section  of  the  river  selected  for 
one-way  traffic  and  area  avoidance  was  the  area  between  Mile  93  and  Mile 
35.5  AHP  which  includes  Algiers  Bend  and  one  reference  track  line  cross- 
-  ~9  • 

The  baseline  run  consisted  of  a  total  of  46  vessels  entering  the 
simulation  area  over  a  seven  nour  period.  All  aspects  of  the  baseline 
simulation  run  reflected  tne  river  traffic  data  obtained  by  direct  obser¬ 
vations,  pilot  interviews,  VTS  personnel  interviews  and  the  USCG  Data 
Joilemion  Van  radar  fiLms.  No  traffic  management  technique  was  imple¬ 
mented  for  the  oaselme  run.  The  alternating  one-way  and  area  avoidance 
simulation  runs  utilized  the  same  vessel  class  distribution,  arrival  time 
list  nbut  ion,  preferred  track  lines,  and  vessel  speeds  as  the  baseline 
run,  except  as  modified  >y  the  alternative  traffic  management  require- 


The  one-way  traffic  management  scneme  was  implemented  witn  an 
alternating  two  hoar  one-way  traffic  area  2.5  miles  long.  For  tne  first, 
third  and  fifth  two  hour  periods  the  traffic  flow  was  in  tne  upDound  di¬ 
rection  and  during  the  second,  fourth  and  sixth  two  hour  periods  tne 
traffic  flow  was  in  the  downbound  direction.  As  a  vessel  approached  tne 
one-way  area  it  was  determined  whether  the  traffic  flow  was  in  its  direc¬ 
tion  and  if  so,  whether  the  vessel  could  transit  the  one-way  area  before 
the  traffic  direction  was  to  reverse.  If  the  transit  was  not  possible 
the  vessel  would  be  required  to  stop  and  wait  in  a  queueing  area  (anchor¬ 
age)  until  the  one-way  traffic  flow  was  in  the  proper  direction. 

The  number  of  very  close  encounters  in  the  one-way  area  was  re¬ 
duced  by  50%  over  the  baseline  run.  The  very  close  encounters  that  did 
occur  in  the  one-way  area  consisted  of  overtakings.  The  number  of  very 
close  encounters  outside  of  the  one-way  area  increased  slightly  over  the 
baseline  run.  This  increase  is  completely  attributable  to  congestion 
associated  with  the  queueing  areas.  The  total  transit  delay  time  for  tne 
one-way  scenario  was  29.36  hours.  This  delay  was  primarily  due  to  tne 
nineteen  vessels  that  were  required  to  stop  and  wait  for  reversal  of  tne 
one-way  traffic  flow. 

The  area  avoidance  traffic  management  scneme  was  implemented  witn 
tne  same  2.5  mile  river  section  serving  as  tne  avoidance  area.  Specifi¬ 
cally,  interactions  between  downbound  towboats  with  tows  executing  tmrw- 
ing  maneuvers  and  upbound  deep  draft  vesatls  requiring  tne  deep  iraft 
channel  were  to  be  avoided.  At  either  end  of  the  avoidance  area  a  vessel, 
look  ahead  area  of  3000  meters  was  defined.  Upon  entering  tne  anead 

area  a  vessel  would  examine  the  traffic  in  the  avoidance  area  and  tne 
opposite  look  ahead  area  and  determine  if  tnere  was  anotner  vessel  m 
those  areas  that,  in  combination  witn  itself,  would  present  a  Hazardous 
situation  in  the  avoidance  area.  If  a  nazardous  situation  was  projected, 
tne  burdened  vessel  was  required  to  decrease  its  speed  to  a  level,  and 
for  a  time  period,  sufficient  to  prevent  tne  vessels  meeting  in  tne 
avoidance  area. 
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" . r>  LIMITATIONS 


The  simulation  modeling  approacn  nas  two  important  limitations 


wmch  are  common  co  simulation  models  in  general.  The  first  limitation 
is  tnat  time  and  computer  requirements  become  prohibitive  for  very  large 
problems.  In  order  to  determine  the  risk  levels  of  a  waterway  under  con¬ 
ditions  of  escalating  traffic  loads,  a  model  whicn  is  sufficiently  so- 
pnisticated  for  accurate  representation  of  marine  traffic  will  likely 
operate  more  slowly  than  tne  actual  events.  Second,  the  quality  and  re¬ 
liability  of  the  output  generated  by  the  model  is  dependent  upon  tne 
guality  and  reliability  of  the  model  input.  A  poorly  specified  model  may 
easii/  generate  irrelevant  or  invalid  information. 


7.7  POTENTIAL 

The  Vessel  Traffic  Simulation  Model  developed  in  tnis  study  pro¬ 
vides  an  analytical  cooi  for  evaluating  tne  effectiveness  of  traffic  man- 
a  jement  »n  improving  port  safety  and  for  assessing  tne  concomitant  ef¬ 
fects  on  trarru  capacity.  The  model  can  be  applied  to  any  port  or  nar- 
oor  inder  a  variety  of  traffic  .oading  conditions.  T.he  model  irwcorpo- 
cates  a  reign  .eve.,  jt  f  lex  i  n_  .ity  •  At  one  level,  vessels  can  oe  entered 
. u  j  tne  system  at  various  times  and  places  tnrougnout  tne  port.  It  is 
..y  necessary  to  specify  tne  vesse.  parameters  and  estaoiisn  its  route 
o,  se. acting  tne  necessary  elements  of  tne  pre-estabiisned  tracs  line 
system.  At  a  ru.  gner  level,  tne  entire  port  conf  i  gurat  ion  can  De  a.- 
terel.  It  is  not  necessary  to  cnange  any  of  tne  model  logic  to  accommo¬ 
date  varying  port  conf i gar  at .on s .  Tnis  also  applies  to  traffic  manage¬ 
ment.  By  -nang ing  certain  input  parameters,  it  is  possible  to  simulate  a 
•  anety  traffic  nanagement  tecnnigues. 

ot.nei  variations  .n  tne  simulation  of  vessel  traffic  wouid  re- 
;i,  n«  s.jme  nod  i  f  icat  i  an  to  tne  model’s  .ogic.  The  design  of  tne  computer 
pr  j  grams,  However  follows  a  structured,  top-down  approach  so  tnat  mod  if i- 
:iti  ins  t  j  one  part  of  tne  mixie.  will  nave  little  impact  on  otners. 
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8.  SUMMARY 


8.1  REVIEW  AND  INTEGRATION  OF  MAJOR  TOPICS 


The  work  described  in  this  report  constituted  an  effort  to  define 
traffic  hazard  and  port  capacity,  to  establish  a  VTS  data  base  method¬ 
ology,  identify  traffic  management  techniques  and  measures  of  effective¬ 
ness,  and  to  develop  a  means  to  calculate  safety  and  capacity.  The  cul¬ 
mination  of  the  effort  was  the  Vessel  Traffic  Simulation  Model. 

The  capacity  of  a  port  is  defined  in  terms  of  its  basic  capacity 
or  its  practical  capacity.  Both  definitions  use  the  concept  of  effective 
domain,  the  area  about  a  vessel  which  must  remain  free  of  other  vessels 
or  fixed  objects.  Basic  capacity  is  the  theoretical  maximum  number  of 
vessels  that  a  port  can  accommodate  under  ideal  conditions  so  that  the 
effective  domains  do  not  overlap.  Practical  capacity  is  the  number  of 
vessels  a  port  can  accommodate  when  the  effective  domains  must  be  in¬ 
creased  in  size  because  of  less  than  ideal  conditions.  The  methods  to 
calculate  capacity  used  in  the  study  produce  practical  capacity  estimates. 

Port  capacity  can  be  measured  directly  in  terms  of  the  density 
(number  of  ships  per  unit  area)  which  can  safely  utilize  a  port  or  as  the 
speed/time  requirements  for  a  vessel  to  transit  a  port  both  in  the  pres¬ 
ence  and  absence  of  other  traffic.  Capacity  can  also  be  measured  indi¬ 
rectly  in  terms  of  the  number  of  conflicts  experienced  by  a  vessel  due  to 
congestion  which  affects  its  capability  to  effectively  transit  the  port. 
Traffic  capacity  measures  for  these  different,  but  not  independent  con¬ 
cepts,  nave  been  developed. 

To  evaluate  the  effectiveness  of  VTS  in  reducing  the  number  of 
collisions,  groundings  and  rammings,  it  is  first  necessary  to  identify, 
iefine  and  classify  tne  hazards  to  safe  navigation.  This  was  accom¬ 
plished  by  analyzing  available  casualty  data.  Two  sources  of  casualty 
lata  were  used:  (1)  the  MVCR  data  base  for  four  ports  over  a  five  year 
period;  and  (2)  the  accident  data  base  compiled  by  the  New  York  VTS 
office  for  1968-1977.  Eight  categories  of  hazards  were  defined. 


'^lantitative  aatnoda  of  assessing  nazard  potential,  in  terms  >i 
tne  effects  of  nazarda  on  trie  maneuvering  of  vessels  under  various  ;on- 
ditions  nave  Deen  developed.  The  situations  under  wmcn  accidents  jc  ;  ir 
and,  importantly,  in  wru.cn  vessels  are  forced  to  perform  evasive  maneu¬ 
vers  to  avoid  accidents,  are  measured  using  tne  model  and  tne  severity  jt 
Hazards  to  navigation  in  restricted  waters  are  quantified.  Tne  ms.c 
quantities  to  be  measured  are  snip  encounters,  very  close  encounters, 
extreme  maneuvers,  and  tne  ratio  of  very  close  encounters  to  encounters. 
The  empnasis,  in  selecting  tnese  measurement  tecnniques,  nas  seen  >n  Haz¬ 
ards  whicn  have  adverse  effects  believed  to  oe  preventable  Dy  traffic 
management  tecnniques.  Generally,  tnese  encompass  Hazards  created  by 
topography,  traffic,  environment,  regulations  ( inadequacies  or  viola¬ 
tion),  and  aids  to  navigation  (inadequacies).  Hazards  due  to  factors 
such  as  equipment  failures  are  usually  not  included  as  contributing  to 
VTS  preventable  accidents. 

Eight  traffic  management  techniques  nave  been  identified,  defined 
and  related  to  the  VTS  operating  modes.  The  information  requirements 
associated  with  the  traffic  management  techniques  nave  been  identified. 
The  various  alternatives  for  surveillance,  data  processing,  and  pro¬ 
cedures  were  described  and  the  impact  of  tne  tecnniques  on  manners  and 
others  considered.  Finally  a  methodology  for  evaluating  traffic  manage¬ 
ment  techniques  and  alternatives  for  specific  ports  was  outlined. 

The  results  presented  in  this  report  show  that  traffic  management 
techniques  have  a  significant  impact  on  port  safety  as  measured  by  tne 
metnodology  developed  and  utilized  herein.  The  risk  potential  for  a  ves¬ 
sel  transiting  a  port  was  reduced  by  from  10%  to  60%  in  simulation  exer¬ 
cises  depending  on  tne  port  and  traffic  management  alternative.  The  in¬ 
terpretation  and  validation  of  such  reductions  will  require  furtner  sta¬ 
tistical  analysis. 

A  second  measure  of  effectiveness,  the  ratio  of  encounters  to 
very  close  encounters,  showed  similar  results.  Encounters  represent  nor¬ 
mal  meetings  between  vessels  whereas  very  close  encounters  represent  po¬ 
tentially  hazardous  situations.  In  the  latter  case,  the  separation  dis¬ 
tance  between  vessels  in  conflict  is  less  than  the  established  minimum 
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i-itidipjd’-Hj  So  allowing  mat  tun  pr  iputt  ion  ot  tunas  mat  a  :onI  Uct  re- 
.  . .  'M  - r.  s  fiotsnt  .d*i/  insaia  encounter  was  reduced  by  10%  to  o0%,  again 
impending  m  tne  port  and  traffic  managament  approacn  utilized.  Again, 
'.use  results  require  furtnar  anai/sis  ind  validation. 

Tne  results  jt  tne  rapacity  .neasuieraent s  tor  ail  port  areas  in¬ 
ti  rate  mat  tne  t  .ueoret  ic  a  i  practice,  capacity  or  eacn  port  area  is  muc.’i 
neater  man  tne  volume  ot  traftic  simulated.  Trie  percentage  mange  in 
apa.'it/  neasu r ement s  i n  ail  cases  is  msigmf  leant .  Triis  leads  to  tne 
'onciision  tn  it  trafrie  managament  in  J.S.  ports,  regardless  of  tne  ap- 
proaert,  wi.i  iuel/  nave  little  impact  on  tne  capacity  of  tne  port  and 
snouid  not  De  an  import  ant  factor  in  selecting  a  traffic  management  al- 
e  r  nac  i  ve  . 


■i  •  THr  '  OF  SIMULATION  MODELING  AS  A  TOOL 


Proper  simulation  modeling  abstracts  the  essential  components  of 
a  concept  to  provide  an  accurate  representation  of  the  situation  being 
analyzed  wniie  avoiding  unneccessary  complexities  wnich  obscure  tne  de¬ 
sired  results  witn  insignificant  detail.  These  considerations  are  re¬ 
flected  in  tne  Vessel  Traffic  Simulation  Model  which  was  designed  to  ef¬ 
ficiently  evaluate  system  concepts,  traffic  flow,  safety  and  capacity  in 
a  defined  port  without  overemphasis  of  less  important  factors. 


The  simulation  approach  has  very  definite  advantages  in  studying 
tnese  concepts.  First,  it  nas  the  advantage  of  producing  a  large  amount 
of  information  which  would  require  many  years  of  intensive  data  col¬ 
lection  to  obtain  otherwise.  Second,  data  from  the  model  can  be  gener¬ 
ated  under  controlled  conditions.  Third,  situations  can  be  replicated 
witn  variations  in  the  inputs  so  that  the  effects  of  alternative  traffic 
management  teenniques  can  be  compared  without  implementation  costs  and 
nsKS.  Against  these  benefits,  however,  must  be  weighed  the  risk  that  an 
improper  or  unvalidated  model  may  produce  totally  inappropriate  data. 


■towuaaia 
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The  Vessel  Traffic  Simulation  Mode  1  developed  in  mis  stud/  pro¬ 
vides  a  capability  tor  expanded  evaluation  of  trie  effectiveness  of  trat- 
1 ic  management's  role  in  improving  port  safety  and  assessing  tne  con¬ 
comitant  effects  on  traffic  capacity.  The  model  can  De  applied  to  any 
port  or  iiaroor  conf iguration  under  a  hign  level  of  flexibility.  At  one 
.evel,  vessels  can  be  entered  into  tne  system  at  various  times  and  peaces 
tarougnout  tne  port  by  means  of  model  input  alterations.  It  is  only  nec¬ 
essary  to  specify  the  vessel  parameters  and  establish  its  route  by  se¬ 
lecting  tne  necessary  elements  of  tne  pre-estaolisned  tracx  line  system. 
At  a  nigner  level  tne  entire  port  configuration  can  be  altered,  again  oy 
performing  only  input  alterations.  It  is  not  necessary  to  cnange  any  of 
tne  model  logic  to  accommodate  varying  port  configurations.  Tne  same 
flexibility  applies  to  traffic  management.  By  cnanging  certain  input 
parameters  it  is  possible  to  simulate  a  variety  of  aiternative  traffic 
management  techniques. 

Other  variations  in  the  simulation  of  vessel  traffic  would  re¬ 
quire  some  modification  to  the  model’s  logic.  However,  tne  design  of  tne 
computer  programs  follows  a  structured  top-down  approach  so  tnat  modifi¬ 
cations  to  one  module  or  section  of  the  model  will  have  little  impact  on 
others.  This  feature  is  especially  important  when  alternatives  to  tne 
Rules  of  the  Road  for  defining  the  conflict  resolution  rules  are  de¬ 
sired.  The  conflict  detection  and  resolution  section  of  the  model 
utilizes  decision  tables  to  analyze  conflicts  beeween  vessels  and  select 
the  correct  vessel  maneuvers.  Other  sections  of  the  model,  such  as  the 
helmsman,  vessel  dynamics  and  track  keeping  parts  will  not  be  affected  by 
changes  in  the  conflict  detection  and  resolution  section. 

To  summarize,  the  Vessel  Traffic  Simulation  Model  provides  a  vi¬ 
able  means  of  simulating  vessel  traffic,  analyzing  conflict  data  and 
measuring  safety,  capacity  and  traffic  management  effectiveness.  It  is  a 
flexible  tool  providing  the  researcher  with  a  way  to  see  the  effects  of 
changes  in  a  port  system  on  vessel  traffic  in  a  way  that  cannot  be  done 
with  historical  data. 
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REddHMENOATIuMS 


.Tie  points  presented  in  crus  section  are  cased  jn  tne  :entr»i 
rec  ummendat  ion  tnat  tne  Vessel  Traffic  Simulation  .ixlei  snouid  De  regar  1- 
ed  is  i  tool  tor  future  use  oy  tne  Joast  luarl  ratner  tnan  as  an  end  in 
.iseit  . 


The  Vessel  "ruffle  Simulation  Model  was  leveloped  to  evaluate 
traffic  management  tec.'inigues  oy  analyzing  tne  nazard  potential  ano  ca¬ 
pacity  of  a  port  under  various  conditions.  As  sucn,  it  was  iesijned  to 
produce  lata  of  a  statistical  nature.  This  is  tne  basic  purpose  or  tne 
model.  However,  tne  model  can  be  extended  to  tne  study  and  anal/s. s  it 
specific  problems  of  conflict  resolution  between  two  or  more  vessexs. 
Since  it  is  possible  to  replicate  tne  basic  conditions  of  tne  pro  olein  ana 
vary  factors  sucn  as  maneuvering  strategies,  vessel  spacing,  route  alter¬ 
ation,  or  otner  conflict  control  tecnnigues,  tne  modei  can  be  aaapted  to 
tne  following  types  of  problems: 

1)  Evaluate  alternate  "crisis”  traffic  management  strategies. 

2)  Assess  impact  of  traffic  management  strategies  m  specific 
instances  on  otner  traffic; 

3)  Evaluate  approacnes  to  resolution  of  temporary  traffic  con¬ 
gestion  condit.ons; 

4)  Study  effects  of  and  metnods  of  minimizing  tne  effects  of  tem¬ 
porary  hazards  to  navigation; 

5)  Reconstruct  c  ire  ^instances  surrounding  actual  accidents  and 
evaluate  methods  winch  could  nave  prevented  tnem. 


The  model  has  been  exercised  using  Mew  Orleans  for  two  traffic 
management  schemes:  one-way  and  area  avoidance  scenarios.  It  is  recom¬ 
mended  that  work  be  continued  in  the  area  of  alternative  traffic  manage¬ 
ment  simulation.  Althougn  one-way  and  area  avoidance  traffic 
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management  nave  Men  iunuiaceJ,  further  aicerdcions  and  refinements  eouiJ 
•  e  expected  c  ■>  produce  :.’ie  best  traJe*uf  t  between  iiazarioua  encounter 
-> .  •  lit.ona  >n  tie  Jiie  :iand  and  tianstt  delay  tunes  on  tne  otner.  jtnei 
unajaaent  scenarios  tuat  merit  attention  include  tne  f  oliowintj : 

»  Vessel  separatijn  standards 
-  t  Enc  ounter  p redict  ion,  cont  ro  1 
it  Sner.jenc/  procedure  development 
■4  speed  :  ontroi 

o.  Vessel  nri'Mi,  leparture  .'ontroi 
■it  Alternate  routing 
dnecxpomt  control 
■it  Traffic  segregation  standards 
i)  Effects  or  increased  traffic 

*■  J I  Effects  of  altered  vessel  class  distribution 
lil  Effects  of  new  locus  and  facilities,  bridge  const  root  ion, 
dredijinij  operations,  etc. 

,1  )  spec  la  ...  naza  rdous  vessel  precaution  ananysis 

It  is  recommended  tnat  a  uniform  data  collection  system  oe  estao- 
.isned  wru.cn  would  extract  relevant  data  from  tne  individual  VTS  lata 
rues,  A  lata  base,  preferably  automated,  snould  be  established  at  a 
;entral  location  and  consistent  data  collection  and  reporting  techniques 
imp lamented  in  eacn  VTS. 

, 

i  Tne  minimum  iata  wnicn  snould  be  collected  at  an  operational  VTS 

source  includes: 

1.  Vessel  position  as  a  function  of  time.  If  a  surveillance  sys¬ 
tem,  sucn  as  radar,  is  in  place,  tins  would  take  tne  form  of 
vessel  track  histones;  otnerwise  a  route  description  snowinq 
time  and  position  at  cneck  points  would  be  established. 

2.  For  each  transit: 

-  type  of  vessel 

-  draft 

-  size  (  lerujtn,  beam) 

).  Planned  destination  and  route. 
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The  recommendation  for  making  the  model  more  directly  useful  in¬ 
cludes  developing  a  procedures  manual.  A  procedures  manual  would  system¬ 
atize  data  collection,  analysis  and  input  preparation  for  tne  model.  The 
procedures  manual  would  provide  a  complete  description  for  tne  model  user 
of  what  data  to  collect,  how  to  collect  it  and  organize  it,  now  to  set  up 
a  problem,  and  how  to  prepare  the  data  and  run  the  model. 

It  is  recommended  that  the  model  be  made  easier  to  work  witn. 
Currently,  the  vessel  input  preparation  process  is  cumbersome  and  time 
consuming.  Development  of  an  input  generator  would  signif icant ly  stream¬ 
line  the  input  data  preparation  process.  An  input  generator  would  in¬ 
volve  setting  up  a  file  of  vessels  with  their  associated  parameters  and  a 
file  of  routes  in  the  port.  All  that  would  need  to  be  specified  are  tne 
class  of  vessel  desired,  the  arrival  time,  tne  initial  position  and  final 
destination  point.  The  input  generator  would  assign  the  vessel  param¬ 
eters  and  provide  all  route  data,  including  initial  speed  and  .leading, 
based  on  the  type  of  vessel  and  its  initial  position  and  final  desti¬ 
nation  point.  The  vessel  route  file  would  fill  in  all  of  the  necessary 
data  for  each  reference  track  line  constituting  the  vessels  route  based 
on  vessels'  preferred  routes. 

Although  it  is  possible  to  utilize  the  model  in  its  present  form 
(i.e.  as  a  batch  processing  computer  system),  it  is  extremely  cumbersome 
to  do  so.  A  real  time  capability  is  recommended.  This  would  permit  tne 
rapid  alteration  of  parameters  so  that  problems  could  be  repeated  with 
minor  variations.  It  would  also  provide  a  capability  for  dynamic  varia¬ 
tions  of  traffic  control  during  a  simulation  exercise.  An  interactive 
graphics  display  would  be  necessary  for  these  purposes. 
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9.  VESSEL  TRAFFIC  SERVICES  MANAGEMENT  STUDY  REPORTS 
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11.  GLOSSARY  OF  TERMS 


TERM  DEFINITION 

Aid  co  Navigation  Any  signal  device  external  to  a  vessel 

specifically  intended  to  assist  a  navi¬ 
gator  to  determine  his  position  or  safe 
coarse,  or  to  warn  him  of  dangers  or 
obstructions  to  navigation. 

Bank  Effeccs  The  bodily  movement  of  a  ship  toward 

the  near  bank  due  to  a  decrease  in 
pressure  as  a  result  of  increased  ve¬ 
locity  of  water  past  the  hull  in  a  re¬ 
stricted  channel  and  an  opposing  force 
which  forces  the  bow  away  from  tne  ban* 
due  to  tne  increase  in  the  bow  wave  on 
the  near  side.  This  second  effect  oc¬ 
curs  in  a  restricted  channel  especi'ly 
one  with  steep  banks,  as  tne  ship  is  / 

moved  oodily  toward  tne  near  bank  due 
to  the  first  effect. 

Basic  Capacity  The  level  of  vessel  flow  defined  for 

ideal  conditions  under  which  the  maxi¬ 
mum  amount  of  navigable  water  for  a 
given  harbor  is  utilized.  This  provides 
the  capacity  references  baseline  from 
which  capacity  degradation  factors  can 
be  measured. 

Closest  Point  of  Approach  The  shortest  distance  realized  between 

two  vessels  as  they  pass  near  each 
other. 

The  ability  of  the  model  to  institute 
slight  alterations  in  the  planned 
courses  of  simulated  vessels  to  avoid 
collisions,  rammings,  and  groundings. 

The  process  by  which  a  vessel's  posi¬ 
tion  is  deduced  or  computed  trigono¬ 
metrically,  with  relation  to  a  known 
point  of  departure. 

The  set  of  rules  used  in  the  model  to 
determine  if  a  conflict  exists  and  how 
it  should  be  resolved.  Also  called  a 
local  rules  matrix. 


Conflict  Resolution 


Dead  Reckoning 


Decision  Logic  Matrix 
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TERM 


DEFINITION 


Effective  Domain  The  clear  area  surrounding  a  marine 

vessel  which  other  vessels  avoid  en¬ 
tering.  Also  known  as  ship  domain  and 
dynamic  domain. 

EHU  Elementary  harbor  unit.  The  basic  unit 

in  a  harbor  in  which  tne  shape,  snore¬ 
line,  waterway  type,  aids  to  navigation, 
traffic  patterns,  vessel  types,  and  en¬ 
vironmental  characteristics  are  as  uni¬ 
form  as  possible.  Six  standard  EHU 
types  have  been  identified  as  follows: 

.  EHU  TYPE  1  -  Open  Water 
.  EHU  TYPE  2  -  Natural  Open  Channel 

.  EHU  TYPE  3  -  Natural  Restricted 

Channel 

.  EHU  TYPE  4  -  Diedged  Open  Channel 

.  EHU  TYPE  5  -  Dredged  Restricted 

Channel 

.  EHU  TYPE  6  -  Restricted  Passage 

EHU  Matrix  A  checklist  of  all  possible  EHU  ele¬ 

ments  that  provides  a  systematic  means 
of  determining  tne  EHU  type. 

Encounter  A  meeting  between  two  vessels  m  wru.cn 

a  maneuver  must  be  initiated  oy  one  >r 
the  vessels  in  order  to  avoid  a  con¬ 
flict  • 

Extreme  Maneuver  A  situation  in  which  a  vessel  is  force! 

to  maneuver  at  tne  extreme  limit  of  its 
physical  capability. 

Fairway  The  main  traveled  part  of  a  waterway;  a 

marine  tnorougnf are,  sometimes  pro¬ 
tected  by  law. 

Hazard  The  cause  of  any  undesired  evasive  ma¬ 

neuvers  or  tne  obstruction  of  any  re¬ 
quired  evasive  maneuvers. 

Heading  The  horizontal  direction  m  wtucn  a 

ship  actually  points  or  neais  at  any 
instant,  expressed  in  angular  units 
from  a  reference  direction. 

bocal  Rules  Matrix  See  decision  logic  matrix. 
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TERM 

Mass  Accident  Co¬ 
efficient 

MCVR 

Off-^t  Distance 

Practical  Capacity 

Range 

Resource  Obstructions 


Restricted  Waters 

Rules  of  the  Road 


Ship  Doman. 
Simulation  Logic 


DEFINITION 

An  empirically  derived  measure  wnicn 
relates  the  risk  of  accident  of  a  ves¬ 
sel  to  its  draft  and  mass  for  a  given 
volume  of  traffic. 

Marine  Vessel  Casualty  Reports 

The  lateral  distance  between  a  vessel's 
actual  path  and  the  reference  trackline 
that  it  is  following. 

The  actual  capacity  level  of  a  narbor 
which  has  been  degraded  from  the  Basic 
Capacity  level  due  to  vessel  position 
uncertainty  and  vessel  domain  distribu¬ 
tion  limitations. 

Two  or  more  objects  in  line;  used  as  a 
guide  to  navigation. 

Man-made  structures  or  objects  wnicn 
obstruct  visual  and/or  electronic  aids 
to  navigation  or  communications.  They 
may  affect  either  shoreside  surveil¬ 
lance  or  ships  own  aids  to  navigation 
as  well  as  communications. 

Portion  of  a  waterway  in  whicn  two  ves¬ 
sels  cannot  pass  or  in  wnich  passing 
must  be  accomplished  with  extreme  cau¬ 
tion. 

The  international  regulations  for  pre¬ 
venting  collisions  at  sea,  commonly 
called  International  Rules  of  the  Road, 
and  inland  rules  of  the  road  to  be  fol¬ 
lowed  by  all  vessels  while  navigat¬ 
ing  upon  certain  inland  waters  of  the 
United  States. 

See  Effective  Domain. 

Use  of  the  decision  logic  matrix  t>y  the 
model  to  resolve  a  conflict.  Also  re¬ 
ferred  to  as  model  logic. 

Straight  line  segments  within  harbor 
fairways  representing  the  general  path 
of  vessels  within  tnat  fairway.  Track 
lines  mav  be  peculiar  to  certain  vessel 
types. 


Track  Lines 


TERM 


DEFINITION 


Traffic  Separation 
Sc  flames 


Very  Close  Encounter 


Vessel 


'/MRS 

VTC 

VTS 


Shipping  corridors  marked  by  buoys  whicn 
separate  incoming  from  outgoing  vessels 
or  which  separate  vessel  types.  Traf¬ 
fic  separation  schemes  are  improperly 
referred  to  as  sea  lanes. 

A  situation  in  whicn  two  vessels  are  in 
an  encounter  situation  and  the  distance 
between  them  is  less  tnan  a  prescribed 
minimum. 

Any  type  of  craft,  except  aircraft, 
wnich  can  be  used  for  transportation 
across  or  through  water. 

Vessel  Movement  Reporting  System 

Vessel  Traffic  Center 

Vessel  Traffic  Services 
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